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DESCRIPTION 

POLYSULFONE-BASE PERMSELECTIVE HOLLOW FIBER MEMBRANE BUNDLE 
AND PROCESS FOR MANUFACTURING THE SAME 

5 

TECHNICAL FIELD 

[0001] The present patent application has been filed 
claiming the priority of the Japanese Patent Application No. 
2004-85799, the contents of which are incorporated herein 

10 by reference thereto in their entirety. 

The present invention relates to a polysulfone 
permselective hollow fiber membrane bundle which is 
excellent in safety and reliability of performance, and is 
particularly suitable for use in a blood purifier or the 

15 like, and to a process for manufacturing the same and a 
blood purifier comprising the same. 

BACKGROUND ART 

[0002] In the hemocathartic therapies for renal failures, 
20 etc., modules such as hemodialyzers, blood filters, 

hemodialytic filters, etc. are widely used to remove urine 
toxic substances and waste products from blood. Modules 
such as hemodialyzers, blood filters, hemodialytic filters, 
etc. are fabricated using, as separators, dialytic 
25 membranes or ultrafiltration membranes which are 

manufactured using natural materials such as cellulose or 
derivatives thereof (e.g., cellulose diacetate, cellulose 
triacetate, etc.) and synthesized polymers such as 
polysulfone, polymethyl methacrylate, polyacrylonitrile, 
30 etc. Particularly, modules using hollow fiber mebranes as 
separators are highly important in the field of 
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hemodialyzers because of their advantages such as the 
reduction of in vitro circulation blood amounts, high 
efficiency of removing toxic and waste substances from 
blood, high module-fabricating productivity, etc. 
5 [0003] Among the above membrane materials, polysulfone- 
based resins having high water permeability have attracted 
keen interests as the most suitable materials for the 
advance of dialytic technologies. However, semipermeable 
membranes formed of polysulf one-based resins alone are poor 
10 in affinity with blood and tend to cause air lock phenomena, 
since the polysulf one-based resins are hydrophobic. 
Therefore, such semipermeable membranes as they are can not 
be used to treat blood. 

[0004] To solve the problem, there are proposed methods 

15 of imparting hydrophilicity to such membranes, by adding 
hydrophilic polymers to the polysulf one-based resins: for 
example, there are disclosed methods of blending polyhydric 
alcohols such as polyethylene glycol, etc. to the 
polysulf one-based resins (cf. Patent Literatures 1 and 2). 

20 Patent Literature 1: JP-A-61-232860 (1986) 

Patent Literature 2: JP-A-58-114702 (1983) 
[0005] Other methods are disclosed in which 
poly (vinylpyrrolidone) is added to the polysulf one-based 
resin (cf. Patent Literatures 3 and 4). 

25 Patent Literature 3: JP-B-5-54373 (1993) 

Patent Literature 4: JP-B-6-75667 (1994) 
[0006] Particularly, the latter method using 
poly (vinylpyrrolidone) has attracted keen interests in view 
of safety and cost, and the above-discussed problems can be 

30 solved by this method. However, the hydrophilicity- 

imparting technique by adding poly ( vinylpyrrolidone ) has a 
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problem in that poly ( vinylpyrrolidone ) elutes from 
membranes and contaminates the purified blood during a 
hemodialysis. When the amount of eluting 
poly (vinylpyrrolidone) becomes larger, the amount of 
5 poly (vinylpyrrolidone) , as foreign materials to the 

organisms, accumulated in vivo becomes larger over a long 
period of hemodialysis, which is likely to induce side 
effects or complications. To solve such disadvantages, the 
amount of eluting poly ( vinylpyrrolidone ) is regulated in 

10 the Approval Standard for Dialysis-type Artificial Kidney 
Apparatus, and is determined by UV absorbance according to 
these standards. In the meantime, a technique for 
evaluating the eluation amount-controlling effect based on 
these standards is disclosed (cf. Patent Literatures 5 to 

15 7) . 

Patent Literature 5: Japanese Patent No. 3314861 
Patent Literature 6: JP-A-6-165926 (1994) 
Patent Literature 7: JP-A-2000-350926 (2000) 
[0007] Further, Patent Literature 8 discloses a 
20 semipermeable membrane for treating blood, and the amount 
of a hydrophilic polymer eluting from such a semipermeable 
membrane is 10 ppm or less. This literature discloses a 
method of inhibiting a hydrophilic polymer from eluting 
from the semipermeable membrane for treating blood, but 
25 does not refer to the influence of hydrogen peroxide on the 
deterioration and decomposition of a hydrophilic polymer 
with time, and further on the storage of hollow fiber 
membranes . 

Patent Literature 8: JP-A-2001-170171 (2001) 
30 [0008] The methods of reducing the amounts of 

poly (vinylpyrrolidone) which elute from the membranes, by 
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crosslinking the poly ( vinylpyrrolidone ) are disclosed in 
Patent Literatures 7 and 8. However, these Literatures do 
not pay any attention to the presence of hydrogen peroxide 
in a permselective membrane or the influence of hydrogen 
5 peroxide during a crosslinking treatment. 

Similarly, Patent Literatures 9 to 19 do not pay 
any attention to the storage stability of selectively 
separation membranes, although refer to the inhibition of 
poly (vinylpyrrolidone) from eluting from membranes. 
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[0009] In the meantime, there are disclosed the methods 
of drying hollow fiber membranes by irradiating the same 
with microwaves, wherein the irradiation outputs of 
microwaves are decreased at points of time when the average 

25 moisture contents have reached 20 to 70 mass % (cf. Patent 
Literatures 20 to 22) . In any of these Literatures, the 
hollow fiber membranes are dried by firstly irradiation 
with microwaves having an output of 30 kW, followed by 
irradiation with microwaves having an output of about 21 kW, 

30 but a method of drying hollow fiber membranes by 

irradiation with microwaves under reduced pressure is not 
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referred to. The use of a conventional drying step in 
combination with drying by irradiation with microwaves is 
also disclosed, but the use of microwaves in combination 
with reduced pressure for drying hollow fiber membranes is 
5 not disclosed. 

Furthermore, any of these Literatures pays no 
attention to the generation of hydrogen peroxide during the 
drying of hollow fiber membranes or to the storage 
stability of dried hollow fiber membranes. 
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DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0010] The present inventors have carefully researched 
20 the eluting behaviors of poly ( vinylpyrrolidone ) , and have 
discovered that hydrogen peroxide impossible to measure by 
a known UV absorbance method is contained in an eluate 
obtained by a test method regulated in the Approval 
Standard for Dialysis-type Artificial Kidney Apparatus. 
25 When hydrogen peroxide is present in a blood purifier or 
permselective separation membranes, the deterioration of 
poly (vinylpyrrolidone) due to the oxidation thereof is 
accelerated, and the storage stability of hollow fiber 
membranes becomes poor since the amount of eluting 
30 poly (vinylpyrrolidone) tends to increase while the hollow 
fiber membranes are being stored. 
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[0011] In any of the methods disclosed in Patent 
Literatures 5 to 7, the evaluation of permselective 
separation membranes is made at specified sites of the 
membranes. However, it is found that the evaluation of the 
5 membranes at such specified sites alone can not meet a 

demand for high safety of hollow fiber membranes, because 
the amount of eluting poly ( vinylpyrrolidone ) largely 
changes in association with the influence of variation in 
drying conditions, while the hollow fiber membranes are 

10 being dried in the course of the fabrication of a module 

using the same. If hydrogen peroxide is present at such a 
specified site of a permselective separation membrane, the 
deterioration reaction thereof starts from such a site, and 
this reaction transmits over a whole of the permselective 

15 separation membrane. From this fact, the present inventors 
elucidated that the content of hydrogen peroxide in 
permselective separation membranes for use as a module 
should be maintained at a given amount or less alongside 
the overall lengthwise direction thereof. 

20 [0012] Therefore, objects of the present invention are 
to provide a polysulfone permselective hollow fiber 
membrane bundle suitable for use in a blood purifier which 
is required to have high safety, high reliability in 
performance and high water permeability for use in 

25 treatment of chronic renal failure, to provide a process 

for manufacturing the same, and to provide a blood purifier 
which keeps high stability over a long period of storage 
thereof . 

30 MEANS FOR SOLVING THE PROBLEMS 

[0013] The present invention relates to a polysulfone 
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permselective hollow fiber membrane bundle which contains 
poly (vinylpyrrolidone) , and particularly to a polysulfone 
permselective hollow fiber membrane bundle which shows a 
hydrogen peroxide-eluting amount of 5 ppm or less therefrom, 
5 when subjected to an eluation test regulated in the 
Approval Standard for Dialysis-type Artificial Kidney 
Apparatus . 

Also, the present invention pertains to a 
polysulfone permselective hollow fiber membrane bundle, 

10 which shows a hydrogen peroxide concentration of 5 ppm or 
less in every one of eluates from 10 portions into which 
the hollow fiber membrane bundle is divided in the 
lengthwise direction, when each of such portions is 
subjected to an eluation test regulated in the Approval 

15 Standard for Dialysis-type Artificial Kidney Apparatus. 

Further, the present invention relates to a 
polysulfone permselective hollow fiber membrane bundle, 
which shows a poly ( vinylpyrrolidone ) -eluting amount of 10 
ppm or less therefrom, when subjected to an eluation test 

20 regulated in the Approval Standard for Dialysis-type 
Artificial Kidney Apparatus. 

Furthermore, the present invention relates to a 
process for manufacturing a polysulfone permselective 
hollow fiber membrane bundle, which includes a step of 

25 spinning a solution containing a polysulfone polymer, 

poly (vinylpyrrolidone) and a solvent, wherein the content 
of hydrogen peroxide in the poly ( vinylpyrrolidone ) is 300 
ppm or less . 



30 EFFECT OF THE INVENTION 

[0014] A polysulfone permselective hollow fiber membrane 
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bundle according to the present invention is reduced in the 
amount of hydrogen peroxide eluting therefrom, and is 
inhibited in the deterioration of poly ( vinylpyrrolidone ) 
therein which is induced by the hydrogen peroxide, when 
5 stored over a long period of time. Accordingly, the 
maximum of UV absorbance of the hollow fiber membrane 
bundle (at a wavelength of 220 to 350 nm) according to the 
Approval Standard for Dialysis-type Artificial Kidney 
Apparatus can be maintained at 0.10 or less, even when the 

10 hollow fiber membrane bundle is stored over a long period 
of time. For this reason, the polysulfone permselective 
hollow fiber membrane bundle of the present invention is 
suitably used in a blood purifier or the like which should 
have high water permeability for use in treatment of 

15 chronic renal failure. 

Further, the manufacturing process of the present 
invention makes it possible to reliably provide the above 
hollow fiber membrane bundle at lower cost. 

Furthermore, the blood purifier of the present 

20 invention is reduced in the amount of hydrogen peroxide 
eluting from the polysulfone permselective hollow fiber 
membrane bundle packed therein, and is inhibited in the 
deterioration of poly ( vinylpyrrolidone ) in the hollow fiber 
membrane bundle, which is induced by the hydrogen peroxide, 

25 when stored over a long period of time. Accordingly, the 
maximum of UV absorbance of the blood purifier (at a 
wavelength of 220 to 350 nm) according to the Approval 
Standard for Dialysis-type Artificial Kidney Apparatus can 
be maintained at 0.10 or less, even when the blood purifier 

30 is stored over a long period of time. Therefore, the 

safety of the blood purifier can be ensured over a long 
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period of storage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Fig. 1 shows schematic graphs each indicating the 
5 amount of hydrogen peroxide eluting from each of 10 

portions into which a hollow fiber membrane is regularly 
divided . 

Fig. 2 shows a schematic graph indicating the 
variation of the quality in the hollow fiber membrane 
10 bundles . 

Fig. 3 shows a schematic graph indicating a 
relationship between the hydrogen peroxide content of a 
hollow fiber membrane bundle and the UV absorbance thereof 
found after the storage thereof. 

15 

BEST MODES FOR CARRYING OUT THE INVENTION 
[0016] A hollow fiber membrane bundle of the present 
invention comprises a polysulfone resin containing 
poly (vinylpyrrolidone) . The term "polysulfone resin" 

20 referred to in the present invention is a collective name 
of resins having sulfone bonds, and there is no particular 
limit in selection thereof. For example, polysulfone 
resins and polyethersulf one resins which have repeating 
units of the following formulae are widely used as 

25 polysulf one-based resins and are commercially available 
with ease: 
[Chemical formula 1] 




[Chemical formula 2] 
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[0017] Poly (vinylpyrrolidone) used in the present 
invention is a water-soluble polymer which is obtained by 
vinyl-polymerizing N-vinylpyrrolidone and which is 
5 commercially available under the trade name of "Luvitec" 
from BASF, "Plasdone" from ISP, or "Pitzcol" from DAI-ICHI 
KOGYO SEIYAKU CO., LTD., and each of these products has a 
variety of molecular weights. It is preferable to use 
poly (vinylpyrrolidone) having a low molecular weight, in 
10 view of an efficiency of imparting hydrophilicity to 
membranes, while it is preferable to use 

poly (vinylryrrolicone) having a high molecular weight so as 
to decrease the eluting amount thereof. However, the kind 
of poly (vinylpyrrolidone) may be appropriately selected in 

15 accordance with the required properties of hollow fiber 

membranes as a final product. That is, the same kinds of 
poly (vinylpyrrolidone) having the same molecular weights 
may be used, or otherwise, two or more kinds of 
poly (vinylpyrrolidone) having different molecular weights 

20 may be used as a mixture. Further, a commercially 
available product may be purified for use as 
poly (vinylpyrrolidone) which has a sharpened molecular 
weight distribution. 

[0018] Preferably, the hollow fiber membrane bundle of 
25 the present invention is manufactured using 

poly (vinylpyrrolidone) which contains hydrogen peroxide in 
an amount of 300 ppm or less, more preferably 250 ppm or 
less, still more preferably 200 ppm or less, far still more 
preferably 150 ppm or less. When poly ( vinylpyrrolidone ) as 
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a raw material has a hydrogen peroxide content of 300 ppm 
or less, the amount of hydrogen peroxide eluting from the 
resultant hollow fiber membrane bundle can be easily 
maintained at 5 ppm or less, and this is preferable because 
5 the guality of the hollow fiber membrane bundle can be 
stabilized. 

[0019] Hydrogen peroxide present in 

poly (vinylpyrrolidone) as a raw material triggers the 
deterioration of poly ( vinylpyrrolidone ) due to oxidation 

10 thereof, and hydrogen peroxide rapidly increases in amount, 
along with the proceeding of the oxidation deterioration of 
poly (vinylpyrrolidone) . This is considered to accelerate 
the oxidation deterioration of poly ( vinylpyrrolidone ) . 
Accordingly, to reduce the content of hydrogen peroxide to 

15 300 ppm or less is the first means to inhibit the oxidation 
deterioration of poly (vinylpyrrolidone) in the course of 
the manufacturing of the permselective hollow fiber 
membrane bundle. 

Another means to inhibit the deterioration of 

20 poly (vinylpyrrolidone) as a raw material during the 

transportation or storage thereof is also effective. For 
example, poly (vinylpyrrolidone) is enveloped in an aluminum 
foil laminate bag to thereby be shielded from light. 
Preferably, an inert gas such as a nitrogen gas or the like 

25 is further enveloped in the same bag, together with a 

deoxidant, when poly (vinylpyrrolidone ) is stored. When the 
bag is opened to divide the poly (vinylpyrrolidone) in small 
portions, the weighing and charging of such portions are 
done under an atmosphere replaced with an inert gas, and 

30 preferably, such portions of poly (vinylpyrrolidone ) are 
stored under the above-mentioned conditions. 



Attorney Docket No.: 19461-006US1/548063 1 2 

It is preferably recommended to replace the inner 
atmospheres of supply tanks, etc. with an inert gas in a 
raw material-supply system, in the course of the 
manufacturing of the hollow fiber membrane bundle. 
5 Poly (vinylpyrrolidone) which is reduced in hydrogen 

peroxide content by the recrystallization method or the 
eluation method may also be used. 

[0020] The process for manufacturing the permselective 
hollow fiber membrane bundle of the present invention is 

10 not limited. However, preferably, the hollow fiber 

membranes of the present invention are manufactured by, for 
example, the process disclosed in JP-A-2000-300663 . For 
example, polyethersulf one disclosed in this Literature 
(4800P manufactured by Sumitomo Chemical Company, Limited) 

15 (16 mass parts), poly (vinylpyrrolidone) (K-90 manufactured 
by BASF) (5 mass parts), dimethylacetoamide (74 mass parts) 
and water (5 mass parts) are mixed and dissolved in one 
another, and the resultant solution is degased for use as a 
membrane-forming solution, and a 50% aqueous 

20 dimethylacetoamide solution is used as a core solution. 
The membrane-forming solution and the core solution are 
concurrently extruded from the outer side and the inner 
side of a double tube orifice and are introduced into a 
coagulation water bath of 75°C through a free running 

25 section with a length of 50 cm, to thereby form a hollow 
fiber membrane in the bath. The hollow fiber membrane is 
then washed with water, wound up and dried at 60°C. 
[0021] The ratio of the poly ( vinylpyrrolidone ) to the 
polysulfone polymer in the hollow fiber membrane is 

30 selected so that sufficient hydrophilicity and high water 
content can be imparted to the hollow fiber membrane. 
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Preferably, the amount of the polysulfone polymer is from 
99 to 80 mass %, and that of the poly (vinylpyrrolidone) , 
from 1 to 20 mass %. When the ratio of 

poly (vinylpyrrolidone) to the polysulfone polymer is too 
5 small, the hydrophilicity-imparting effect to the hollow 
fiber membrane may be poor. Accordingly, the ratio of 
poly (vinylpyrrolidone) is more preferably 1.5 mass % or 
more, still more preferably 2.0 mass % or more, far still 
more preferably 2.5 mass % or more. On the other hand, 
10 when this ratio is too large, the hydrophilicity-imparting 
effect is saturated, and the amount (s) of 

poly (vinylpyrrolidone) and/or the oxidation-deteriorated 
material which elute(s) from the hollow fiber membrane 
tend(s) to increase, with the result that the amount of 

15 poly (vinylpyrrolidone) eluting from the hollow fiber 

membrane is likely to exceed 10 ppm. Accordingly, the 
ratio of poly (vinylpyrrolidone) is more preferably 18 
mass % or less, still more preferably 15 mass % or less, 
far still more preferably 13 mass % or less, particularly 

20 10 mass % or less. 

[0022] In the present invention, preferably, the eluting 
amount of hydrogen peroxide is 5 ppm or less, and 
preferably, the amount of poly ( vinylpyrrolidone ) eluting 
from the hollow fiber membrane bundle is 10 ppm or less. 

25 [0023] When the eluting amount of poly (vinylpyrrolidone) 
from the hollow fiber membrane bundle exceeds 10 ppm, the 
eluting poly (vinylpyrrolidone) is likely to cause side 
effects or complications in a patient over a long term of 
hemodialyses . The method for achieving this feature may be 

30 optionally selected without any limit. For example, the 

ratio of poly (vinylpyrrolidone) to the polysulfone polymer 
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is selected from the above-mentioned range; or otherwise, 
the hollow fiber membrane-forming conditions are optimized. 
The amount of poly ( vinylpyrrolidone ) eluting from the 
hollow fiber membrane bundle is more preferably 8 ppm or 
5 less, still more preferably 6 ppm or less, far still more 
preferably 4 ppm or less. 

The amount of poly ( vinylpyrrolidone ) eluting from 
the hollow fiber membrane bundle is determined by using an 
eluate which is obtained according to the eluation test 

10 method regulated in the Approval Standard for Dialysis-type 
Artificial Kidney Apparatus. In detail, some hollow fiber 
membranes (1.0 g) are optionally removed from a dried 
hollow fiber membrane bundle, and 100 ml of RO water is 
added to the hollow fiber membranes, followed by eluation 

15 therefrom at 70°C for one hour to obtain an eluate. 

In this regard, the amount of eluting 
poly (vinylpyrrolidone) changes depending on a crosslinking 
treatment, and thus is determined after the crosslinking 
treatment, if it is needed. In some cases, the 

20 crosslinking treatment is carried out after the hollow 

fiber membrane bundle has been fabricated into a module. 
In such a case, the amount of eluting 

poly (vinylpyrrolidone) may be evaluated from the hollow 
fiber membrane bundle removed from the fabricated module. 

25 [0024] As one of means to reduce the amount of eluting 
poly (vinylpyrrolidone) , it is preferable to crosslink 
poly (vinylpyrrolidone) to thereby insolubilize it. For 
example, poly (vinylpyrrolidone) is crosslinked by 
irradiation with y-ray or electron ray, or it is thermally 

30 or chemically crosslinked. Among these methods, the 

crosslinking by irradiation with y-ray or electron ray is 
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preferable, because the residue of an initiator or the like 
is not left to remain and because the material-penetrating 
degree is high. In this case, the crosslinking of 
poly (vinylpyrrolidone) is accelerated in the coexistence of 
5 water. Therefore, it is preferable to carry out the 
crosslinking treatment while the hollow fiber membrane 
bundle is being in a wet state. 

The presence of oxygen during the crosslinking 
treatment accelerates the deterioration of 

10 poly (vinylpyrrolidone) and increases the amount of eluting 
poly (vinylpyrrolidone) and simultaneously accelerates the 
generation of hydrogen peroxide. Therefore, it is 
preferable to crosslink poly ( vinylpyrrolidone ) under an 
atmosphere having an oxygen concentration as low as 

15 possible. In this sense, it is preferably recommended to 
subject the hollow fiber membrane bundle in a wet state to 
the crosslinking treatment, as mentioned above. 

When the hollow fiber membrane bundle in a dried 
state is subjected to a crosslinking treatment, it is 

20 effective to increase the humidity of an atmosphere for the 
crosslinking treatment, or to increase the water content of 
the hollow fiber membrane bundle. Preferably, careful 
attentions should be paid to inhibit the oxidation 
deterioration of poly ( vinylpyrrolidone ) : that is, the 

25 crosslinking is carried out under an atmosphere of an inert 
gas such as a nitrogen gas or the like, or under an 
atmosphere deoxgenated with a deoxidant . The crosslinking 
treatment may be done before the hollow fiber membrane 
bundle is packed in a blood purifier or after the same is 

30 fabricated into a module. 

[0025] The insolubilization of poly ( vinylpyrrolidone ) by 
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crosslilking according to the present invention is 
evaluated based on the solubility of the crosslinked hollow 
fiber membrane bundle in diemthylf ormamide . In detail, 10 
g of the hollow fiber membrane is weighed after the 
5 crosslinking treatment and is then dissolved in 100 ml of 
dimethylf ormamide . This solution is centrifuged at 1,500 
rpm for 10 minutes, using a centrifugal separator, and then, 
the supernatant is removed. To the residual insoluble 
matter is again added 100 ml of dimethylf ormamide, and the 

10 mixture is stirred and the resulting solution is 

centrifuged under the same conditions. After that, the 
supernatant is removed, and the residual solid matter is 
evaporated to a dryness. The content of the insoluble 
matter is determined from the amount of the dried solid 

15 matter. 

The content of the insoluble matter is preferably 
0.5 to 40 mass %, more preferably 1 to 35 mass %. 

In case of a module filled with a liquid, firstly, 
the liquid is drained from the module, and then, pure water 

20 is allowed to flow in the passage on the side of a 

dialyzing fluid at a rate of 500 mL/min. for 5 minutes, 
followed by the flowing of pure water in the passage on the 
side of blood at a rate of 200 mL/min. for 5 minutes. 
Finally, pure water is passed at a rate of 200 mL/min. as 

25 if permeating the membrane from the blood side to the 
dialyzing fluid side, to thereby complete the washing. 
Then, the hollow fiber membrane bundle is removed from the 
washed module and is freeze-dried for use as a sample for 
measuring an insoluble matter. In case of a module of the 

30 dried hollow fiber membrane bundle, the same washing is 
done for use as a sample for measurement. 
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When the hollow fiber membrane bundle in a module 
filled with a liquid is measured, a sample treated in the 
same manner as above is used for measurement of any of the 
amount of eluting poly ( vinylpyrrolidone ) , the amount of 
5 eluting hydrogen peroxide and the absorbance of UV (with a 
wavelength of 220 to 350 nm) regulated in the Approval 
Standard for Dialysis-type Artificial Kidney Apparatus. 
[0026] The amount of eluting hydrogen peroxide is 
preferably 5 ppm or less, more preferably 4 ppm or less, 

10 still more preferably 3 ppm or less. When this amount 

exceeds 5 ppm, the storage stability of the hollow fiber 
membrane bundle becomes poor because of the oxidation 
deterioration of poly ( vinylpyrrolidone ) due to the hydrogen 
peroxide as described above, and in some cases, the amount 

15 of eluting poly (vinylpyrrolidone ) becomes larger, when the 
hollow fiber membrane bundle is stored over a long period 
of time. The degradation of the storage stability is most 
markedly indicated by an increase in the amount of eluting 
poly (vinylpyrrolidone) . In addition, the deterioration of 

20 the polysulfone polymer is induced to make the hollow fiber 
membrane fragile; or the deterioration of a polyurethane 
adhesive for use in the fabrication of a module is 
accelerated to increase the eluting amount of a 
deteriorated urethane oligomer or the like, which may 

25 possibly lead to poor safety. Increases in the amounts of 
eluting substances induced by the oxidizing action of 
hydrogen peroxide while the hollow fiber membrane bundle is 
being stored over a long period of time can be evaluated by 
measuring the absorbance of UV (220 to 350 nm) regulated in 

30 the Approval Standard for Dialysis-type Artificial Kidney 
Apparatus . 
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[0027] The amount of eluting hydrogen peroxide is also 
determined by using an eluate obtained by a method 
according to the eluation test method regulated in the 
Approval Standard for Dialysis-type Artificial Kidney 
5 Apparatus. 

[0028] In the present invention, the polysulfone 
permselective hollow fiber membrane bundle is divided and 
cut along the lengthwise direction thereof, to obtain 10 
portions thereof, each of which is then measured for the 

10 amount of hydrogen peroxide eluting therefrom. Preferably, 
all the portions show hydrogen peroxide-eluting amounts of 
5 ppm or less. As described above, when hydrogen peroxide 
is present in a specified site of the hollow fiber membrane 
bundle, the deterioration reaction of the materials of the 

15 hollow fiber membrane bundle starts from such a site and 
transmits to a whole of the hollow fiber membrane bundle. 
Therefore, it is needed that the content of hydrogen 
peroxide in the hollow fiber membrane bundle for use as a 
module should be maintained at a given amount or less 

20 alongside the overall lengthwise direction thereof. The 

oxidation deterioration of poly ( vinylpyrrolidone) initiated 
by hydrogen peroxide present in a specified site of the 
hollow fiber membrane bundle sequentially spreads all over 
the hollow fiber membrane bundle, so that the amount of 

25 hydrogen peroxide further increases due to such 

deterioration, and simultaneously, the molecular weight of 
the deteriorated poly (vinylpyrrolidone) decreases, which 
facilitates the eluation of such poly (vinylpyrrolidone) 
from the hollow fiber membrane bundle. Because of this 

30 sequential deterioration reaction, the amounts of eluting 

hydrogen peroxide and poly ( vinylpyrrolidone ) increase while 
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the hollow fiber membrane bundle is being stored over a 
long period of time, which results in poor safety when the 
hollow fiber membrane bundle is used as a blood purifier. 
[0029] When the hollow fiber membrane bundle is 
5 subjected to the crosslinking treatment, hydrogen peroxide 
is generated by the deterioration of poly ( vinylpyrrolidone ) , 
and simultaneously, hydrogen peroxide which has been 
present during the crosslinking treatment accelerates the 
generation of hydrogen peroxide. Therefore, the above- 

10 described means for inhibiting the generation of hydrogen 
peroxide is needed for the crosslinking treatment. In 
another preferred embodiment, the hollow fiber membrane 
bundle is divided into 10 portions (substantially even 
portions) in the lengthwise direction, and all of such 

15 portions are measured for the amounts of hydrogen peroxide 
eluting therefrom, and all of them show 3 ppm or less in 
the hydrogen peroxide-eluting amount. Preferably, such a 
permselective hollow fiber membrane bundle should be 
subjected to a crosslinking treatment. By doing so, the 

20 primary requirement of the present invention can be 

achieved: that is, all the 10 portions into which the 
permselective hollow fiber membrane bundle is divided along 
the lengthwise direction are measured for the amounts of 
hydrogen peroxide eluting therefrom, and show 5 ppm or less 

25 of eluting hydrogen peroxide. More preferably, all the 

portions of the hollow fiber membrane bundle should show 2 
ppm or less of eluting hydrogen peroxide. 
[0030] When the hollow fiber membrane bundle of the 
present invention is subjected to an eluation test 

30 regulated in the Approval Standard for Dialysis-type 

Artificial Kidney Apparatus after having stored at a room 
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temperature for one year, the maximum of the UV absorbances 
of the eluate at a wavelength of 220 to 350 nm is 
preferably 0.10 or less, more preferably 0.08 or less. The 
hollow fiber membrane bundle can gain this feature, by 
5 decreasing, to 5 ppm or less, the amounts of hydrogen 

peroxide eluting from all the above 10 portions into which 
the hollow fiber membrane bundle has been divided along the 
lengthwise direction. 

[0031] To control the amount of eluting hydrogen 

10 peroxide within the above specified range, for example, it 
is effective to reduce, to 300 ppm or less, the content of 
hydrogen peroxide in poly ( vinylpyrrolidone ) used as a raw 
material. However, as mentioned above, hydrogen peroxide 
is also generated in the course of the manufacturing of 

15 hollow fiber membranes, and it is therefore important to 
strictly control the conditions for manufacturing the 
hollow fiber membrane. Particularly, the generation of 
hydrogen peroxide during the drying step in the 
manufacturing process gives a significant influence on the 

20 eluting amount of hydrogen peroxide. Therefore, the 

optimization of the drying conditions is important. This 
optimization of the drying conditions can be a particularly 
effective means to lessen the variation in the amount of 
eluting hydrogen peroxide in the lengthwise direction of 

25 the hollow fiber membrane. 

[0032] Regarding the step of dissolving a spinning 
solution, it is known that, when the spinning solution 
comprising a polysulfone polymer, poly ( vinylpyrrolidone ) 
and a solvent is stirred and dissolved, and if the 

30 poly (vinylpyrrolidone) contains hydrogen peroxide, hydrogen 
peroxide is explosively increased in amount because of the 
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influence of oxygen in a dissolution tank and the influence 
of heating for the dissolution of the spinning solution. 
Therefore, it is preferable to feed raw materials into a 
dissolution tank whose atmosphere is previously replaced 
5 with an inert gas. As the inert gas, a nitrogen gas, an 
argon gas or the like is preferably used. As required, a 
solvent or a non-solvent may be added. In such a case, 
preferably, the oxygen dissolved in the solvent or the non- 
solvent is replaced with an inert gas before using the 

10 solvent or the non-solvent. 

[0033] As another method to inhibit the generaion of 
hydrogen peroxide, it is also important to dissolve a 
membrane-forming solution in shorter time. To form the 
solution in shorter time, it is effective to raise the 

15 dissolving temperature and/or to increase the stirring rate. 
However, the deterioration and decomposition of 
poly (vinylpyrrolidone) tend to proceed because of the 
influences of the temperature, the stirring rate and the 
shearing force, when such measures are taken. In fact, as 

20 a result of the present inventors' researches, it is 

confirmed that the peak top of the molecular weight of 
poly (vinylpyrrolidone) in a membrane-forming solution 
shifts in the decomposing direction (i.e. on the side of 
lower molecular weights) along with an increase in the 

25 dissolving temperature, and that a shoulder which seems to 
indicate a decomposed product appears on the side of the 
lower molecular weights. Thus, raising the dissolving 
temperature in order to improve the dissolving rate of raw 
materials accelerates the deterioration/decomposition of 

30 poly (vinylpyrrolidone) , which leads to the blending of a 
decomposed product of poly (vinylpyrrolidone) into the 
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resultant permselective hollow fiber membrane. When such a 
hollow fiber membrane is used in, for example, a blood 
purifier, such a decomposed product elutes into the blood. 
Therefore, the quality and safety of such a blood purifier 
5 are inferior. 

To overcome this problem, the present inventors 
have tried to blend raw materials at a lower temperature in 
order to inhibit the decomposition of 
poly (vinylpyrrolidone) . The dissolution of the raw 

10 materials at a temperature of as extremely low as a 

freezing point requires a high running cost. Therefore, 
the temperature is usually from 5 to 70°C, preferably 60°C 
or lower. However, a simple measure to lower the 
dissolving temperature requires a longer dissolving time 

15 which may induce the deterioration/decomposition of 
poly (vinylpyrrolidone) and a lower efficiency of the 
operation and requires a large-scale apparatus. Therefore, 
this method has a problem in view of industrial 
manufacturing. Particularly when poly ( vinylpyrrolidone ) is 

20 dissolved at a low temperature, poly (vinylpyrrolidone) is 
not homogeneously dissolved, and it becomes difficult to 
further dissolve poly ( vinylpyrrolidone ) , and a longer time 
is required to homogenously dissolve poly ( vinylpyrrolidone ) . 
[0034] As a result of the present inventors' extensive 

25 trials to dissolve poly ( vinylpyrrolidone ) at a lower 

temperature and in shorter time, they have found out that 
it is preferable to previously knead the components of a 
spinning solution prior to the dissolution thereof, 
followed by dissolving them. The present invention is 

30 accomplished based on this finding. The components such as 
a polysulfone polymer, poly (vinylpyrrolidone ) and a solvent 
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may be kneaded at once, or poly (vinylpyrrolidone) and the 
polysulfone polymer may be separately kneaded. It is to be 
noted that, when poly (vinylpyrrolidone) contacts oxygen, 
the deterioration of poly ( vinylpyrrolidone ) is accelerated 
5 to generate hydrogen peroxide as described above. 

Accordingly, it is important to pay careful attentions so 
as to prevent the contact between poly (vinylpyrrolidone) 
and oxygen: that is, the above kneading should be carried 
out under an atmosphere replaced with an inert gas, and 

10 preferably, the kneading is carried out in a separate line. 
In a further method, poly ( vinylpyrrolidone ) and a solvent 
may be previously kneaded, and a polysulfone polymer may be 
directly supplied to a dissolution tank without previous 
kneading thereof. This method is also included in the 

15 scope of the present invention. 

[0035] Separately from the dissolution tank, a kneading 
line may be provided for kneading the components, and then, 
the knead mixture may be supplied to the dissolution tank; 
or otherwise, a dissolution tank equipped with a kneading 

20 function may be used to carry out both of kneading and 

dissolution in the dissolution tank. In the former case 
where the kneading and the dissolution are carried out in 
the separate apparatuses, the type and mode of the kneading 
apparatus are not limited: that is, the kneading apparatus 

25 may be either of batch type or of continuous type. A 
static method using a static mixer or the like may be 
employed, or a dynamic method using a kneader or an 
agitation type kneader may be employed, although the latter 
type is preferable in view of the kneading efficiency. 

30 This dynamic kneading method is not limited, and it may be 
any of pin type, screw type, agitator type and the like, 
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among which the screw type is preferable. The shapes and 
the number of revolutions of the screws may be optionally 
selected in consideration of a balance between the kneading 
efficiency and heat generation. 
5 On the other hand, the type of the dissolution 

tank equipped with the kneading function is not limited. 
However, it is recommended to employ, for example, a knead- 
dissolving apparatus of the type which exhibits a kneading 
effect by its so-called planetary motions: that is, two 

10 frame type blades self-rotate and revolve round each other 
in the apparatus, and examples thereof are a planetarium 
mixer and a trimix of INOUE MFG. INC. 
[0036] The ratio of the resin components, i.e. 
poly (vinylpyrrolidone) and a polysulfone polymer to a 

15 solvent in the kneading step is not limited. However, the 
mass ratio of the resin components to the solvent is 
preferably from 0.1 to 3, more preferably from 0.5 to 2. 
[0037] As described above, the technical point of the 
present invention is to inhibit the deterioration of 

20 poly (vinylpyrrolidone) and simultaneously to efficiently 
dissolve the same. Therefore, preferably, in a system in 
relation to at least poly (vinylpyrrolidone ) , the kneading 
and dissolving are carried out at a temperature not higher 
than 70°C under a nitrogen atmosphere. In case where 

25 poly (vinylpyrrolidone) and a polysulfone polymer are 

kneaded in separate lines, respectively, the above method 
may be applied to the kneading line for the polysulfone 
polymer. There is a relationship of antinomy between the 
efficiencies of kneading and dissolving and heat generation. 

30 The use of an apparatus capable of avoiding this antinomy 
relationship and the selection of conditions are important 
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factors of the present invention. In this sense, a cooling 
method for the kneading mechanism is important, and careful 
attentions should be paid thereto. 

[0038] Subsequently, the knead mixture kneaded by the 
5 above method is dissolved. While the dissolving method is 
not limited, for example, a dissolving method using a 
stirrer type dissolving apparatus may be employed. To 
dissolve the knead mixture at a lower temperature and in 
shorter time (within 3 hours) , the Froude number (Fr = 

10 n 2 d/g) is preferably from 0.7 to 1.3, and the Reynolds 

number (Re = nd 2 p/|l) is preferably from 50 to 250, wherein 
n represents the number of revolutions per second (rps) of 
the blades; p, the density (Kg/m 3 ) ; \i, the viscosity 
(Pa.s); g, the gravitational acceleration (= 9.8 m/s 2 ); and 

15 d, the diameter of the stirring blade (m) . When the Froude 
number is too large, the inertia force becomes stronger so 
that the raw materials fly in the tank and adhere to the 
wall and ceiling of the tank. As a result, a desired 
composition of a membrane-forming solution can not be 

20 obtained. Therefore, the Froude number is more preferably 
not larger than 1.25, still more preferably not larger than 
1.2, far still more preferably not larger than 1.15. On 
the other hand, when the Froude number is too small, the 
force of inertia weakens so that the dispersibility of the 

25 raw materials tends to lower, and particularly, 

poly (vinylpyrrolidone) can not be homogeneously dissolved, 
and is hard to be further dissolved, or it takes longer in 
homogenous dissolution thereof. Therefore, the Froude 
number is more preferably not smaller than 0.75, still more 

30 preferably not smaller than 0.8. 

[0039] When the Reynolds number is too large, a longer 
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time is required to degas the membrane-forming solution or 
the degassing of the solution becomes insufficient, because 
of the bubbles involved into the solution while the 
solution being stirred, since the membrane-forming solution 
5 of the present invention is a low viscous fluid. Therefore, 
the Reynolds number is more preferably not larger than 240, 
still more preferably not larger than 230, far still more 
preferably not larger than 220. On the other hand, when 
the Reynolds number is too small, the stirring force tends 

10 to be smaller so that non-homogenous dissolution is likely 
to occur. Therefore, the Reynolds number is more 
preferably not smaller than 35, still more preferably not 
smaller than 40, far still more preferably not smaller than 
55, and particularly not smaller than 60. When a hollow 

15 fiber membrane is formed of such a spinning solution, the 
filament-drawing property tends to lower due to the 
presence of bubbles, which leads to a lower operability. 
In addition, in view of the quality of the resultant 
membrane, the bubbles involved into the membrane become a 

20 defect of the membrane at such a site, which leads to a 
poor air-tightness and a lower burst pressure of the 
membrane. The degassing of the spinning solution is 
effective, but such degassing is likely to induce a change 
in the composition of the spinning solution because of the 

25 control of the viscosity of the spinning solution or the 
evaporation of the solvent. Therefore, deliberate 
attentions are needed to degas the spinning solution. 
[0040] Since poly ( vinylpyrrolidone ) tends to decompose 
due to the oxidation thereof under the influence of oxygen 

30 in an air, the dissolution of the spinning solution is 

preferably carried out under an inert gas atmosphere. As 
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the inert gas, nitrogen or argon is used, of which nitrogen 
is preferably used. In the dissolution of the spinning 
solution, the concentration of the residual oxygen in the 
tank is preferably 3% or less. When the pressure for 
5 charging a nitrogen gas is increased, the dissolution time 
is expected to be shorter, while the cost for an apparatus 
capable of generating such a high pressure becomes higher, 
and the safety for operation becomes lower. In view of 
theses points, the pressure for charging an inert gas is 

10 preferably from the atmospheric pressure to 2 kgf/cm 2 . 

[0041] The stirring blades to be used in the present 
invention are of the shapes which are used for dissolving a 
low viscous membrane-forming solution, and examples of such 
blades include, but not limited to, radial stream types 

15 such as disc turbine type, paddle type, curved blade fan 

turbine type and feather turbine type; and axial flow types 
such as propeller type, inclined paddle type and Faudler 
type. 

[0042] The above-described low temperature dissolving 

20 method makes it possible to inhibit the 

deterioration/decomposition of a hydrophilic polymer and to 
provide a highly safe hollow fiber membrane. More 
specifically, it is preferable to use a spinning solution 
which has been left to stand within a residence time of 24 

25 hours after the dissolution of raw materials. This is 

because it is recognized that thermal energy, accumulated 
while a membrane-forming solution is thermally insulated, 
may deteriorates the raw materials. 

[0043] To control the amount of eluting hydrogen 
30 peroxide within the range specified, it is important to 
avoid the contact with oxygen in the drying step. For 
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example, the hollow fiber membrane is dried under an 
atmosphere replaced with an inert gas. However, this 
method is disadvantageous in view of cost. As an 
inexpensive drying method, it is effective and recommended 
5 to dry the hollow fiber membrane by irradiation with 

microwaves under reduced pressure. In general drying of a 
material by removing a liquid therefrom, it is known that 
either application of a reduced pressure or irradiation of 
microwaves is singly employed in combination with such 

10 drying. However, the use of a reduced pressure in 

combination with microwaves at the same time so as to dry a 
material is generally hard to employ, in consideration of 
the properties of microwaves. The present inventors have 
employed this combination which involves difficulties, in 

15 order to prevent the oxidation deterioration of 

poly (vinylpyrrolidone) and to improve the safety of the 
hollow fiber membrane by reducing the amount of materials 
eluting from the hollow fiber membrane and to improve the 
productivity thereof. They further have optimized the 

20 conditions for drying to thereby develop an economically 
advantageous method which is able to solve the above 
discussed problems. 

[0044] The preferable conditions for this drying method 
are as follows: that is, a hollow fiber membrane bundle is 

25 dried by irradiation with microwaves having an output of 1 
to 100 KW under a reduced pressure of 20 KPa or lower. 
Preferably, the frequency of the microwave is set at 1,000 
to 5,000 MHz, and the highest temperature which the hollow 
fiber membrane bundle has while being dried is preferably 

30 90°C or lower. The employment of the decompression method 
is effective to accelerate the evaporation of the moisture 
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and thus has advantages in that the output of microwave can 
be lowered, in that the irradiation time of microwave can 
be reduced, and additionally in that the elevation of the 
temperature of the hollow fiber membrane bundle is 
5 suppressed at a relatively low temperature. Because of 
these advantages, the performance of the hollow fiber 
membrane bundle as a whole is hardly affected. A further 
excellent point of the drying under reduced pressure is 
that the drying can be carried out at relatively low 

10 temperature, which is particularly effective to markedly 
inhibit the deterioration and decomposition of a 
hydrophilic polymer. Accordingly, the drying temperature 
is preferably from 20 to 80°C, more preferably from 20 to 
60°C, still more preferably from 20 to 50°C, far still more 

15 preferably from 30 to 45°C. 

[0045] The drying under reduced pressure means that the 
center portion and the outer peripheral portion of the 
hollow fiber membrane bundle are evenly decompressed, and 
thus, the evaporation of the moisture is uniformly 

20 accelerated to thereby evenly dry the hollow fiber 

membranes. Consequently, it becomes possible to avoid 
damage of the hollow fiber membrane bundle due to uneven 
drying thereof. Further, the irradiation with microwave is 
effective to substantially evenly heat the center portion 

25 and the overall peripheral portion of the hollow fiber 

membrane bundle. As a result of the synergism of the even 
heating and the even decompression of the hollow fiber 
membrane bundle, an unique effect can be produced in the 
drying of the hollow fiber membrane bundle. The 

30 decompression degree may be arbitrarily selected according 
to an output of microwave, the total moisture content in a 
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hollow fiber membrane bundle and the number of hollow fiber 
membrane bundles to be dried. To prevent an increase in 
the temperature of the hollow fiber membrane bundle being 
dried, the decompression degree is preferably 20 kPa or 
5 lower, more preferably 15 kPa or lower, still more 

preferably 10 kPa or lower. Too high decompression degree 
not only lowers the moisture-evaporating efficiency but 
also raises the temperature of the polymer which forms the 
hollow fiber membrane bundle, to thereby induce the 

10 deterioration of the polymer. The lower the decompression 
degree, the better it is to inhibit an increase in the 
temperature of the polymer and to improve the drying 
efficiency. However, it costs higher to maintain the 
sealing degree of the apparatus. Accordingly, the 

15 decompression degree is preferably 0.1 kPa or higher, more 
preferably 0.25 kPa or higher, still more preferably 0.4 
kPa or higher. 

[0046] While microwave having a higher output is 
preferable to reduce the drying time, too high an output is 
20 undesirable because excessive drying or excessive heating 
is likely to deteriorate and decompose 

poly (vinylpyrrolidone) , if a hollow fiber membrane bundle 
contains poly (vinylpyrrolidone) , and is likely to cause a 
problem in that such a hollow fiber membrane bundle is hard 

25 to wet in use. Even an output of lower than 0.1 kW is 

possible to dry a hollow fiber membrane bundle, however, 
such a low output requires a longer drying time, which may 
leads a poor treating efficiency. An optimal combination 
of a decompression degree with an output of microwave may 

30 be arbitrarily selected according to the moisture content 
retained in a hollow fiber membrane bundle and the number 
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of hollow fiber membrane bundles to be treated. 

A rough standard for satisfying the drying 
conditions according to the present invention is described: 
for example, when 20 hollow fiber membrane bundles, each 
5 one having 50 g of moisture content, are dried, it is 

appropriate to set the output of microwave at 1.5 kW, and 
the decompression degree, at 5 kPa, relative to the total 
moisture content of 1,000 g (= 50 g X 20). 

[0047] The output of microwave is more preferably from 

10 0.1 to 80 kW, still more preferably from 0.1 to 60 KW. The 
output of microwave is determined from, for example, the 
total number of hollow fiber membrane bundles and the total 
moisture content. However, sudden irradiation of microwave 
having a high output makes it possible to dry a hollow 

15 fiber membrane bundle in a shorter time, but is likely to 
partially denature the hollow fiber membrane bundle and to 
shrink or deform the same. For example, the vigorous 
drying of a hollow fiber membrane bundle containing a water 
retainer or the like by irradiation with microwave having a 

20 high output is likely to fly and dissipate the water 
retainer. The method of drying by irradiation with 
microwave under a reduced pressure hitherto has never been 
invented. According to the present invention, when a 
hollow fiber membrane bundle is dried by irradiation with 

25 microwave under a reduced pressure, the evaporation of the 
aqueous liquid is accelerated even at a relatively low 
temperature. This advantage provides double effects that 
the deterioration of poly (vinylpyrrolidone ) and the damage 
of the hollow fiber membranes such as deformation thereof 

30 attributed to the irradiation with microwave of high output 
and a high temperature can be prevented. 
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[0048] The method of drying by irradiation with 
microwave under reduced pressure, according to the present 
invention, may be carried out not only in one step but also 
in a plurality of steps. In case of one-step drying, the 
5 output of microwave is kept constant. In case of multi- 
step drying, the output of microwave is sequentially 
decreased in accordance with the proceeding degree of 
drying. Hereinafter, this multi-step drying is described. 

When a hollow fiber membrane bundle is dried 

10 under a reduced pressure and at a relatively low 

temperature of about 30 to about 90°, it is preferable to 
employ the multi-step drying method in which the output of 
microwave is sequentially decreased in accordance with the 
proceeding degree of drying the hollow fiber membrane 

15 bundle. In this method, the decompression degree, 

temperature, output of microwave and irradiation time are 
determined in consideration of the total amount of the 
hollow fiber membrane bundles to be dried, an industrially 
acceptable and appropriate drying time, and so on. 

20 The multi-step drying may be carried out in an 

optional number of steps, for example, 2 to 6 steps. 
However, in view of productivity, drying in 2 to 4 steps is 
industrially acceptable. In case where the total moisture 
amount of a hollow fiber membrane bundle is relatively 

25 large, the multi-step drying is carried out, for example, 
at a temperature of not higher than 90°C under a reduced 
pressure of about 5 to about 20 kPa and by irradiation with 
microwave having an output which is stepwise changed: that 
is, the output of microwave is from 30 to 100 kW in the 

30 first step, followed by from 10 to 30 kW in the second step, 
0.1 to 10 kW in the third step and so on, which can be 
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determined, taken the microwave-irradiation time into 
account. When the difference between the outputs of 
microwaves is large, for example, when the higher output of 
microwave in one step is 90 kW, and the lower output 
5 thereof in another step, 0.1 kW, the number of steps to 
sequentially decrease the output may be increased to, for 
example, 4 to 8. In the present invention, the 
decompressing operation is performed in combination with 
the microwave-irradiating operation, and therefore, a 

10 hollow fiber membrane bundle can be dried at a relatively 
lower output of microwave. For example, the drying is 
carried out in the first step where the irradiation with 
microwave of an output of 10 to 20 kW is continued for 
about 10 to about 100 minutes, followed by the second step 

15 where the irradiation with microwave of an output of 3 to 
10 kW is continued for about 5 to about 80 minutes, the 
third step where the irradiation with microwave of an 
output of 0.1 to 3 kW is continued for about 1 to about 60 
minutes, and so on. Preferably, the output of microwave 

20 and the irradiation time in each of the steps are decreased 
in association with the decreasing degree of the total 
moisture content in the hollow fiber membrane bundle. This 
drying method is very mild to the hollow fiber membrane 
bundle, which is not at all expected from the conventional 

25 methods described in the above-cited Patent Literatures 8 
to 10. 

[0049] When the total moisture content in a hollow fiber 
membrane bundle is relatively small, for example, 400 
mass % or less, it is effective to dry the bundle by 
30 irradiation with microwave of a low output of 12 kW or less. 
For example, when the total moisture content of hollow 
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fiber membrane bundles to be dried at once is so relatively 
small as about 1 to about 7 kg, the bundles are dried at 
80°C or lower, preferably 60°C or lower, under a reduced 
pressure of about 3 to about 10 kPa, while the output of 
5 microwave and the irradiating time are being adjusted 

according to the drying degree of the bundle as follows: 
that is, irradiation with microwave having an output of 12 
kW or lower, for example, from about 1 to about 5 kW, is 
continued for about 10 to about 240 minutes, followed by 

10 irradiation with microwave having an output of 0.5 to lower 
than 1 kW for about 1 to about 240 minutes, preferably 
about 3 to about 240 minutes, and irradiation with 
microwave having an output of 0.1 to lower than 0.5 kW for 
about 1 to about 240 minutes. By doing so, the drying is 

15 evenly carried out. The decompression degree may be 

roughly set at 0.1 to 20 kPa in each of the steps. However, 
the decompression degree in each of the steps may be 
appropriately set according to a situation, in 
consideration of changes in the decreases of the total 

20 water amount and the moisture content of the hollow fiber 
membrane bundle. For example, in the first step where the 
moisture content of a hollow fiber membrane bundle is 
relatively large, the decompression degree is set at a 
smaller value (e.g. 0.1 to 5 kPa) , and the output of 

25 microwave is set at a higher value (e.g. 10 to 30 kW) ; and 
in the second and third steps, the drying is carried out 
under a pressure slightly higher than the pressure of the 
first step and by irradiation with microwave (e.g. an 
output of 0.1 to 5 kW under a reduced pressure of 5 to 20 

30 kPa) . This operation of changing the decompression degree 
in each of the steps further distinguishes the 
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characteristic of the present invention which rest in the 
drying by irradiation with microwave under a reduced 
pressure. Also, it is of course important to always pay 
attentions to uniform irradiation with microwave and an 
5 exhaust gas within the microwave irradiation apparatus. 
[0050] In the present invention, it is effective to 
employ the method of drying a hollow fiber membrane bundle 
by irradiation with microwave under a reduced pressure, in 
combination with a drying method by alternately inversing 

10 the air-flowing direction, although complicated steps are 
required. The drying method by irradiation with microwave 
and the drying method by alternately inversing the air flow 
direction have advantages and disadvantages in themselves, 
respectively. These methods in combination are employed in 

15 order to obtain a high quality product. It is also 

possible to dry a hollow fiber membrane bundle by employing 
the drying method by alternately inversing the air flow 
direction in the first stage, and employing the drying 
method by irradiation with microwave under a reduced 

20 pressure in the next stage, at a point of time when the 

hollow fiber membrane bundle has been dried to an average 
moisture content of about 20 to about 60 mass %. In this 
case, a combined drying method may be employed which 
comprises the step of irradiating a hollow fiber membrane 

25 bundle with microwave to dry the same, followed by the step 
of drying the same by alternately inversing the air flow 
direction. How to select the methods in combination is 
determined in consideration of the quality of a hollow 
fiber membrane bundle obtained after the drying, 

30 particularly the quality of a polysulfone permselective 
hollow fiber membrane bundle which is to have no partial 
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sticking of hollow fiber membranes in the lengthwise 
direction. While these drying methods can be concurrently 
carried out, this is not practically advantageous, since a 
complicated apparatus and complicated steps are required, 
5 which leads to a higher cost. Otherwise, an effective 

heating means such as infrared radiation or the like may be 
used in combination with the drying method according to the 
present invention. 

[0051] The highest temperature which a hollow fiber 

10 membrane bundle being dried has can be measured as follows: 
an irreversible thermo label is stuck to a side edge of a 
protective film for the hollow fiber membrane bundle, and 
the hollow fiber membrane bundle is dried, and the 
indication of the label is confirmed after the removal of 

15 the dried bundle. In this regard, the highest temperature 
of the hollow fiber membrane being dried is preferably not 
higher than 90°C, more preferably not higher than 80°C, 
still more preferably not higher than 70°C. When the 
highest temperature of the bundle is high, the structure of 

20 the membrane is likely to change, which may lead to poor 
performance of the resultant hollow fiber membrane bundle 
or to the oxidation deterioration thereof. Especially, it 
is important to prevent an increase in the temperature of a 
hollow fiber membrane bundle comprising 

25 poly (vinylpyrrolidone) as much as possible, because 

poly (vinylpyrrolidone) is easily decomposed by heat. To 
prevent an increase in the temperature of the hollow fiber 
membrane bundle, it is effective to optimize the 
decompression degree and the output of microwave and to 

30 intermittently irradiate microwave. The lower the drying 
temperature, the better. However, the drying temperature 
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is preferably 30°C or higher in view of cost for 
maintaining the decompression degree and the saving of the 
drying time. 

[0052] The frequency of microwave is preferably from 
5 1,000 to 5,000 MHz , more preferably from 1,500 to 4,000 MHz, 
still more preferably from 2,000 to 3,000 MHz, in view of 
an effect to inhibit irradiation spots on a hollow fiber 
membrane bundle and an effect to extrude water from the 
pores of the hollow fiber membrane bundle. 

10 In the drying by irradiation with microwave, it 

is important to evenly heat and dry a hollow fiber membrane 
bundle. In the drying by irradiation with microwave, 
uneven heating is caused due to reflected waves incidental 
to the irradiation with microwave. Therefore, it is 

15 important to device a method for reducing the uneven 

heating due to the reflected waves. As such a method, the 
method disclosed in, for example, JP-A-2000-340356 can be 
preferably employed, in which a reflecting plate is 
provided in an oven to reflect such reflected waves to 

20 thereby evenly heat a hollow fiber membrane bundle, 
although the method is not limited to this one. 
[0053] Further, it is preferable not to completely dry a 
hollow fiber membrane bundle. When the bundle has been 
completely dried, the deterioration of 

25 poly (vinylpyrrolidone) therein is accelerated to thereby 

appreciably facilitate the generation of hydrogen peroxide. 
In addition, when such a completely dried hollow fiber 
membrane bundle is again wetted for use, the wettability 
thereof becomes poor, or poly (vinylpyrrolidone ) therein 

30 becomes hard to absorb water and tends to elute from the 
hollow fiber membrane. The moisture content of the dried 
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hollow fiber membrane bundle is preferably from 1 mass % or 
more to less than a saturated moisture content, more 
preferably not less than 1.5 mass %. When the moisture 
content of the hollow fiber membrane is too large, bacteria 
5 are likely to propagate during the storage of the hollow 
fiber membrane, or the hollow fiber membrane is likely to 
disintegrate due to its own weight, or a failure in 
adhesion is likely to occur in the hollow fiber membrane 
bundle when a module is fabricated using the same. 
10 Therefore, the moisture content of the hollow fiber 
membrane is preferably not more than 10 mass %, more 
preferably not more than 7 mass %. 

[0054] As a method for decreasing the amount of hydrogen 
peroxide eluting from the hollow fiber membrane bundle to 5 

15 ppm or less, it is effective to wash the hollow fiber 

membrane bundle to thereby remove hydrogen peroxide which 
incomes from poly (vinylpyrrolidone) as a raw material or 
which generates in the manufacturing process of the hollow 
fiber membrane bundle. 

20 [0055] In the present invention, it is important to 

suppress the content of poly (vinylpyrrolidone) in the outer 
surface of the hollow fiber membrane within a specified 
range, in order to balance the actions of preventing the 
eluation of poly (vinylpyrrolidone) and the infiltration of 

25 endotoxin into the blood side and of preventing the 

sticking of the hollow fiber membranes to one another while 
they are being dried. To adjust the content of 
poly (vinylpyrrolidone) within such a specified range, for 
example, the ratio of poly ( vinylpyrrolidone ) to a 

30 polysulfone polymer is adjusted within a specified range, 
and the conditions for manufacturing the hollow fiber 
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membranes are optimized. It is also an effective method to 
wash the resultant hollow fiber membranes. The following 
are effectively employed as the membrane-forming 
conditions: that is, the humidity of the air gap of the 
5 exit of a nozzle is controlled; the drawing condition, the 
temperature of a coagulation bath, and the composition 
ratio of a solvent to a non-solvent in a coagulating liquid 
are optimized; and a washing step is included. 
[0056] As a coagulating liquid in an internal bath, an 

10 aqueous solution of 0 to 80 mass % of dimethylacetoamide 
(DMAc) is preferably used. The concentration of 
dimethylacetoamide in the aqueous solution is more 
preferably 15 to 70 mass %, still more preferably 25 to 60 
mass %, far still more preferably 30 to 50 mass %. When 

15 the concentration of the aqueous solution in the inner 

coagulation bath is too low, the dense layer on the blood- 
contacting surface becomes thick, which is likely to lead 
to poor solute permeability. On the other hand, when this 
concentration is too high, the dense layer is likely to be 

20 incompletely formed, and the fractionation characteristics 
tends to lower. As a coagulation liquid in an outer bath, 
an aqueous solution of 0 to 50 mass % of DMAc is preferably 
used. When the concentration of the aqueous solution in 
the outer coagulation bath is too high, the pore percentage 

25 and the average pore area of the outer surface of the 
hollow fiber membrane become too large, so that the 
backflow of endotoxin into the blood side may frequently 
occur while the hollow fiber membrane bundle is being used 
for hemodialysis, or that the burst pressure is likely to 

30 decrease. Therefore, the concentration of the aqueous 

solution in the outer coagulation bath is more preferably 
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not higher than 40 mass %, still more preferably not higher 
than 30 mass %, far still more preferably not higher than 
25 mass %. On the other hand, when the concentration of 
the aqueous solution in the outer coagulation bath is too 
5 low, a large amount of water is needed to dilute a solvent 
introduced from a spinning solution, and the cost for 
disposal of waste liquid becomes higher. Therefore, the 
lower limit of the concentration of the aqueous solution in 
the outer coagulation bath is more preferably not lower 

10 than 5 mass %, still more preferably not lower than 10 

mass %, far still more preferably not lower than 15 mass %. 
[0057] In the manufacturing of the hollow fiber membrane 
of the present invention, it is preferable not to 
substantially draw the hollow fiber membrane before the 

15 structure thereof has been perfectly fixed. The wording of 
"not substantially draw" means that excessive relaxation or 
tension is not applied to the membrane-forming solution 
extruded from a nozzle. To do so, for example, the speed 
of a roller used in the spinning step is controlled. The 

20 ratio of the extrusion linear speed to the speed of the 
first roller in a coagulation bath (i.e. draft ratio) is 
preferably from 0.7 to 1.8. When the draft ratio is low, 
the hollow fiber membrane being fed is relaxed, which may 
leads to a lower productivity. Therefore, the draft ratio 

25 is more preferably not lower than 0.8, still more 

preferably not lower than 0.9, far still more preferably 
not lower than 0.95. When the draft ratio is too high, the 
structure of the hollow fiber membrane is likely to be 
broken because of the tearing of the dense layer of the 

30 hollow fiber membrane and so on. Therefore, the draft 

ratio is more preferably not higher than 1.7, still more 
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preferably not higher than 1.6, far still more preferably 
not higher than 1.5, particularly not higher than 1.4. By 
controlling the draft ratio within this range, the 
deformation or destruction of the pores can be prevented, 
5 and the pores are protected from clogging due to the 

protein in the blood, with the result that the hollow fiber 
membrane can exhibit reliable performance over time and 
sharp fractionation characteristics. 

[0058] In the present invention, it is important to 

10 carry out a washing step prior to the above-described 
drying step in the course of the manufacturing of the 
hollow fiber membrane bundle. The washing step is 
introduced as a means for decreasing the amount of eluting 
hydrogen peroxide or a means for controlling the content of 

15 poly (vinylpyrrolidone) in the outer surface of the hollow 
fiber membrane within the specified range, as described 
above. For example, the wet hollow fiber membrane having 
passed through a water washing bath is directly wound onto 
a hank to make a bundle of 3,000 to 20,000 hollow fiber 

20 membranes. Next, the resultant hollow fiber membrane 
bundle is washed to remove excess of the solvent and 
poly (vinylpyrrolidone) . In the present invention, 
preferably, the hollow fiber membrane bundle is immersed in 
hot water of 70 to 130°C or an aqueous solution of 10 to 40 

25 vol % ethanol or isopropanol of room temperature to 50°C 
for washing. 

(1) In case of washing with hot water, the bundle of hollow 
fiber membranes is immersed in an excess of RO water at a 
temperature of 70 to 90°C for 15 to 60 minutes, and then is 
30 removed therefrom, followed by centrifugal hydroextraction . 
This operation is repeated 3 or 4 times while the RO water 
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being replaced with fresh one. Thus, the bundle of hollow 
fiber membranes is washed. 

(2) Another method of washing the bundle of hollow fiber 
membranes may be employed, in which the bundle of the 

5 membranes is immersed in an excess of RO water in a 

compressed container at 121°C for about 2 hours for the 
treatment of the same. 

(3) In case of washing with ethanol or isopropanol, 
preferably, the same operation as in the method (1) is 

10 repeated. 

(4) Also preferable is a washing method comprising the 
steps of radially setting the bundle of hollow fiber 
membranes in a centrifugal washing container, and shower- 
like spraying a washing water of 40 to 90°C to the bundle 

15 of membranes from the center of rotation, so as to carry 
out centrifugal washing for 30 minutes to 5 hours. 

In this regard, two or more of the above washing 
methods may be employed in combination. When the treating 
temperature is too low in any of the methods, it is needed 

20 to increase the washing operations in number, which leads 

to higher cost. When the treating temperature is too high, 
the decomposition of poly (vinylpyrrolidone ) tends to 
accelerate, and the washing efficiency, on the contrary, 
tends to lower. The above washing makes it possible to 

25 optimize the content of poly ( vinylpyrrolidone ) in the outer 
surfaces of the membranes, and to inhibit the sticking of 
the membranes or to decrease the amounts of the eluting 
substances, which leads to a decrease in the eluting amount 
of hydrogen peroxide. 

30 [0059] A blood purifier according to the present 

invention is packed with the above-described polysulfone 
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permselective hollow fiber membrane bundle, particularly 
packed with the bundle of the polysulfone permselective 
hollow fiber membranes which contain poly ( vinylpyrrolidone ) 
and which are manufactured by the foregoing process. That 
5 is, the polysulfone permselective hollow fiber membrane 

bundle of the present invention has a feature in that, when 
this hollow fiber membrane bundle is divided into 10 
portions in the lengthwise direction for measurement, the 
amount of hydrogen peroxide eluting from each of the 10 
10 portions is found to be 5 ppm or less in every one thereof. 
The blood purifier comprising such a hollow fiber membrane 
bundle is suitable to achieve the object of the present 
invention . 

[0060] This blood purifier is stored at room temperature 

15 for one year, and then is subjected to an eluation test 
regulated in the Approval Standard for Dialysis-type 
Artificial Kidney Apparatus, so as to measure the UV 
absorbance of an eluate obtained therefrom. In one of the 
preferred embodiments of the present invention, the maximum 

20 of the UV absorbance of the elulate at a wavelength of from 
220 to 350 nm is 0.10 or less, more preferably 0.08 or less. 
[0061] The blood purifier of the present invention is 
fabricated as a module by using the foregoing polysulfone 
permselective hollow fiber membrane bundle. By doing so, 

25 the intended characteristics can be imparted to the blood 
purifier. Accordingly, the polysulfone permselective 
hollow fiber membrane bundle packed in the blood purifier 
of the present invention should show an amount of eluting 
hydrogen peroxide of preferably 4 ppm or less, more 

30 preferably 3 ppm or less, which is one of the foregoing 

intended characteristics of the polysulfone permselective 
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hollow fiber membrane bundle of the present invention. The 
polysulfone permselective hollow fiber membrane bundle of 
the present invention can be reliably manufactured at lower 
cost by the foregoing process. 
5 [0062] When the hollow fiber membrane bundle of the 
present invention is used in a blood purifier, the burst 
pressure of the hollow fiber membrane bundle is preferably 
not lower than 0.5 MPa, and the rate of water permeation of 
the blood purifier is preferably not smaller than 150 

10 ml/m 2 /hr . /mmHg . When the burst pressure is lower than 0.5 
MPa, latent defects which may induce blood leakage can not 
be detected, as will be described later. When the rate of 
water permeation is too small, the dialyzing efficiency of 
the blood purifier tends to lower. It is effective to 

15 increase the diameters of the pores of the membranes and 
the number of the pores in order to improve the dialyzing 
efficiency. However, on the other hand, disadvantages such 
as a decrease in the strength of the membranes and 
occurrence of defects concurrently arise. Therefore, in 

20 the hollow fiber membrane of the present invention, the 

diameters of the pores of the outer surface of the membrane 
are optimized to thereby optimize the porosity of the 
support layer so that the resistance of the permeated 
solute can balance with the strength of the membrane . The 

25 rate of water permeation is more preferably not smaller 

than 200 ml/m 2 /hr . /mmHg, still more preferably not smaller 
than 250 ml/m 2 /hr . /mmHg, far still more preferably not 
smaller than 300 ml/m 2 /hr . /mmHg . When the rate of water 
permeation is too large, the water-removing control during 

30 hemodialysis becomes hard. Therefore, the rate of water 
permeation is preferably not larger than 2,000 
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ml/m 2 /hr . /mmHg, more preferably not larger than 1,800 
ml/m 2 /hr . /mmHg, still more preferably not larger than 1,500 
ml/m 2 /hr . /mmHg, far still more preferably not larger than 
1,300 ml/m 2 /hr . /mmHg. 
5 [0063] Generally, modules for use in blood purification 
are subjected to leak tests by compressing the interiors or 
exteriors of the hollow fiber membranes with an air, so as 
to check the defects of the hollow fiber membranes and the 
modules in the final stage for providing products. When 

10 some leakage is detected in a module by means of a 

compressed air, such a module is scrapped as a defective, 
or is repaired. The air pressure for use in the leak tests, 
in many cases, are several times larger than the proof 
pressure (usually 500 mmHg) for hemodialyzers . However, 

15 the present inventors have found out that, in case of 
hollow fiber type blood-purifying membranes having 
particularly high water permeability, minute flaws, crushes 
and tears of the hollow fiber membranes, which can not be 
detected by usual leak tests, often lead to the cutting and 

20 pin holes of the hollow fiber membranes which would occur 
in the course of the manufacturing steps subsequent to the 
leak tests (mainly, the steps of sterilization and packing) 
and at the step of the transportation thereof or the 
handling thereof at clinical sites (unpacking or priming) . 

25 Such defects of the hollow fiber membranes induce further 
troubles such as the leakage of blood during treatments, 
etc. The present inventors have further found that these 
troubles can be avoided by adjusting the burst pressure to 
the above-specified range. 

30 It is also effective to reduce the thickness 

deviation of the hollow fiber membrane bundle, in order to 
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inhibit the occurrence of the above-mentioned latent 
defects . 

[0064] The burst pressure referred to in the present 
invention is an index of the pressure resistant performance 
5 of hollow fiber membranes fabricated into a module. The 

burst pressure is measured by compressing the interior of a 
hollow fiber membrane with a gas, and gradually increasing 
the pressure so as to find a pressure which bursts the 
hollow fiber membrane when the hollow fiber membrane can 

10 not withstand the internal pressure gradually increased. A 
higher and higher burst pressure leads to a lower 
possibility of occurrence of cutting or pin holes of hollow 
fiber membranes in use. Therefore, the burst pressure is 
preferably not lower than 0.5 MPa, more preferably not 

15 lower than 0.55 MPa, still more preferably not lower than 
0.6 MPa. When the burst pressure is lower than 0.5 MPa, 
the hollow fiber membrane is likely to have latent defects. 
A higher and higher burst pressure is preferable. In order 
to mainly increase the burst pressure, the thickness of a 

20 hollow fiber membrane is increased, or the porosity of a 

membrane is excessively decreased. However, in this case, 
desired membrane performance can not be obtained from the 
resultant membrane. Therefore, the burst pressure is 
preferably lower than 2.0 MPa, more preferably lower than 

25 1.7 MPa, still more preferably lower than 1.5 MPa, far 

still more preferably lower than 1.3 MPa, and particularly 
lower than 1.0, when hollow fiber membranes are used as 
blood-dialyzing membranes. 

[0065] The thickness deviation, i.e., non-uniformity in 
30 the thickness of 100 hollow fiber membranes in a module, 
found when the sections of the membranes are observed, is 
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represented by a ratio of a maximum value and a minimum 
value of the thickness deviation. Preferably, the minimum 
thickness deviation out of those of 100 hollow fiber 
membranes is not smaller than 0.6. When even one hollow 
5 fiber membrane, out of the 100 hollow fiber membranes, has 
a thickness deviation of smaller than 0.6, such a hollow 
fiber membrane has possibility to cause a leakage when the 
module is used in a clinical site. Therefore, the 
thickness deviation referred to in the present invention is 

10 not represented by an average value, but is represented by 
a minimum value among the thickness deviations of 100 
hollow fiber membranes. The higher the thickness deviation, 
the better it is, because the uniformity of the membranes 
can be improved, because the emergence of latent defects 

15 can be prevented, and because the burst pressure can be 

increased. Therefore, the thickness deviation of membranes 
is more preferably not smaller than 0.7, still more 
preferably not smaller than 0.8, far still more preferably 
not smaller than 0.85. When the thickness deviation is too 

20 small, the latent defects of the membrane tend to emerge, 
and the burst pressure of the membrane tends to decrease, 
which may lead to blood leakage. 

[0066] To obtain a thickness deviation of not smaller 
than 0.6, it is preferable to strictly uniform the widths 

25 of the slits of spinning nozzles, namely, the injection 
outlets for a spinning dope. Generally used as spinning 
nozzles for hollow fiber membranes are tube-in-orif ice type 
nozzles each of which comprises an annular portion which 
injects a spinning dope, and a hole, inside the annular 

30 portion, which injects a core solution as a hollow portion- 
forming material. The slit width indicates the width of 
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the outer annular portion which injects the spinning 
solution. By decreasing the variation in the slit width, 
the thickness deviation of spun hollow fiber membranes can 
be reduced. Specifically, the ratio of the maximum value 
5 to the minimum value of the slit width is adjusted to not 
smaller than 1.00 and not larger than 1.11. The difference 
between the maximum value and the minimum value is 
preferably not larger than 10 jim, more preferably not 
larger than 7 |im, still more preferably not larger than 5 

10 |im, particularly not larger than 3 [im. 

It is also effective to optimize the temperature 
of the nozzles, and the nozzle temperature is preferably 20 
to 100°C. When the nozzle temperature is low, the nozzle 
temperature can not be stabilized because of the influence 

15 of a room temperature, and injection spots of the spinning 
dope is likely to form. Therefore, the nozzle temperature 
is more preferably not lower than 30°C, still more 
preferably not lower than 35°C, far still more preferably 
not lower than 40°C. When the nozzle temperature is high, 

20 the viscosity of the spinning dope excessively lowers, and 
the injection of the spinning dope becomes instable, or the 
thermal deterioration or decomposition of 
poly (vinylpyrrolidone) is likely to proceed. Therefore, 
the nozzle temperature is more preferably not higher than 

25 90°C, still more preferably not higher than 80°C, far still 
more preferably not higher than 70°C. 

[0067] As a method of raising the burst pressure, it is 
also effective to decrease the flaws of the surfaces of 
hollow fiber membranes to thereby decrease the latent 
30 defects thereof. As a method of decreasing the flaws of 



Attorney Docket No.: 19461-006US1/548063 4 9 

the surfaces of hollow fiber membranes, it is effective to 
optimize materials for rollers and guides for use in the 
steps of manufacturing hollow fiber membranes, and to 
optimize the surface roughness of such membranes. It is 
5 also effective that, when a module is fabricated using a 

bundle of hollow fiber membranes or when a bundle of hollow 
fiber membranes is inserted into a casing for a module, a 
device to allow the hollow fiber membranes not to contact 
the casing or a device to make it hard to rub the hollow 

10 fiber membranes with one another is provided. 

In the present invention, preferably, the rollers 
to be used are planished at their surfaces, so as to 
prevent the hollow fiber membranes from having flaws 
thereon upon slipping. Preferably, the guides to be used 

15 are subjected to mat finishing or knurling process at their 
surfaces, so as avoid the contact resistance with the 
hollow fiber membranes as much as possible. 

Preferably, the bundle of hollow fiber membranes 
is not directly inserted into the module casing. For 

20 example, the bundle of hollow fiber membranes is wrapped in 
an embossed film and then is inserted into the module 
casing, followed by removal of the film alone from the 
module casing. 

[0068] As a method of preventing foreign matters from 
25 entering the hollow fiber membranes, it is effective to use 
raw materials containing less foreign matters, or to filter 
a spinning dope to thereby reduce the amount of foreign 
matters . In the present invention, it is preferable to use 
a filter having pores with diameters smaller than the 
30 thickness of the hollow fiber membrane bundle and to filter 
the spinning dope therethrough before injecting the 



Attorney Docket No.: 19461-006US1/548063 5 0 

spinning dope. This is described in more detail. A 
spinning dope homogeneously dissolved is allowed to pass 
through a sintered filter having pores with diameters of 10 
to 50 |im, provided between a dissolution tank and nozzles. 
5 It is sufficient to carry out the filtration at least once. 
When the filtration treatment is carried out in several 
stages, the diameter of the pores of a filter to be used is 
gradually decreased, as the order of the stage is closer 
and closer to the final stage. This method is preferable 

10 to improve the filtration efficiency and to prolong the 

lifetime of the filters. The pore diameter of the filter 
is more preferably 10 to 45 jim, still more preferably 10 to 
40 |im. When the pore diameter is too small, the back 
pressure tends to increase, and the quantitative 

15 determination tends to lower. As a method of preventing 
bubbles from entering the hollow fiber membranes, it is 
effective to degas the polymer solution for the membranes. 
Stationary degassing or decompression degassing may be 
carried out, depending on the viscosity of the spinning 

20 dope. That is, after the inner atmosphere of the 

dissolution tank is decompressed to -100 to -750 mmHg, the 
same tank is sealed and is left to stand for 5 to 30 
minutes. This operation is repeated several times to degas 
the spinning dope. When the decompression degree is too 

25 high, the cost for increasing the closeness of the system 
becomes higher, since the number of the degassing steps 
must be increased, which requires a longer time for the 
treatment. When the decompression degree is too low, the 
cost for improving the closeness of the system becomes 

30 higher. The total treating time is preferably 5 minutes to 
5 hours . When the treating time is too long, 
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poly (vinylpyrrolidone) is likely to be decomposed and 
deteriorated due to the influlence of the decompression. 
When the treating time is too short, the effect of 
degassing becomes insufficient. 

5 

EXAMPLES 

[0069] Hereinafter, the effectiveness of the present 
invention will be described by way of Examples thereof, 
which should not be construed as limiting the scope of the 

10 present invention in any way. In this regard, the methods 
of evaluating the physical properties in the following 
Examples are described below. 
[0070] 1. Water Permeability 

A circuit on the side of the blood outlet of a 

15 dialyzer (nearer to the outlet than a pressure-measuring 
point) is pinched with forceps to stop the flowing to 
thereby make it a filter as a whole. Pure water maintained 
at 37°C is poured into a compression tank, and is fed to 
the dialyzer maintained at a constant temperature in a 

20 thermostat of 37°C, while the pressure being controlled 
with a regulator. The amount of a filtrate flowing from 
the side of a dialyzing fluid is measured with a graduated 
cylinder. The pressure difference between the membranes 
(TMP) is defined by the equation: 

25 TMP = (Pi + Po) 12 

In this equation, Pi represents a pressure on the side of 
the inlet of the dialyzer, and Po represents a pressure on 
the side of the outlet of the same. TMP is changed at 4 
points to measure the filtered flow amounts. The water 

30 permeability of the hollow fiber membrane (mL/hr . /mmHg) is 
calculated from the gradient of the relationship thereof. 
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It is to be noted that the correlation function between TMP 
and the filtered flow amount should be not smaller than 
0.999, and that TMP is measured under a pressure of not 
higher than 100 mmtig so as to lessen an error in pressure 
5 loss due to the circuit. The water permeability of the 

hollow fiber membrane is calculated from the membrane area 
and the water permeability of the dialyzer: 

UFR(H) = UFR(D) / A 
In this equation, UFR(H) represents the water permeability 
10 of the hollow fiber membrane (mL/rmVhr . /mmtig) ; UFR(D) 
represents the water permeability of the dialyzer 
(mL/hr . /mmtig) ; and A represents the membrane area (m 2 ) of 
the dialyzer. 

[0071] 2. Calculation of Membrane Area 

15 The membrane area of the dialyzer is calculated 

based on the inner diameter of the hollow fiber membranes: 

A = nX7TXdXL 
In this equation, n represents the number of the hollow 
fiber membranes in the dialyzer; % represents the ratio of 

20 the circumference of a circle to its diameter; d represents 
the inner diameter (m) of the hollow fiber membranes; and L 
represents the effective length (m) of the hollow fiber 
membranes in the dialyzer. 
[0072] 3. Burst Pressure 

25 The dialyzing fluid side of a module packed with 

about 10,000 hollow fiber membranes is filled with water 
and is capped. A dry air or a nitrogen gas is fed from the 
blood side of the module at a room temperature so as to 
compress the hollow fiber membranes at a rate of 0.5 

30 MPa/minute. The internal pressure in the hollow fiber 

membranes is increased to find an air pressure which bursts 
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the hollow fiber membranes and causes bubbles in the liquid 
filling the dialyzing fluid side of the module. This air 
pressure is defined as a burst pressure. 
[0073] 4. Deviation in Thickness 
5 The sections of 100 hollow fiber membranes are 

observed with a projector of a magnification of 200. One 
hollow fiber membrane which has the largest difference in 
the thickness at its section is selected out of the hollow 
fiber membranes in one visual field, and the thickest 
10 portion and the thinnest portion of the section of this 
hollow fiber membrane are measured: 

Deviation in thickness = the thinnest portion/ 
the thickest portion. 
The membrane thickness is perfectly uniform when 
15 the deviation in thickness is one (thickness deviation = 1) . 
[0074] 5. Eluting Amount of Poly ( vinylpyrrolidone ) 

An eluate is obtained according to the method 
regulated in the Approval Standard for Dialysis-type 
Artificial Kidney Apparatus, and poly ( vinylpyrrolidone ) in 
20 the eluate is determined by a colorimetric method. 

In case of a dry hollow fiber membrane module, 
pure water (100 ml) is added to the hollow fiber membranes 
(1 g) , and elution is made from the wet hollow fiber 
membranes at 70°C for one hour. The obtained eluate (2.5 
25 ml) is sufficiently mixed with a 0.2 mol aqueous citric 
acid solution (1.25 ml) and a 0.006N aqueous iodine 
solution (0.5 ml), and the mixture is left to stand at a 
room temperature for 10 minutes. After that, the 
absorbance of the mixture at 470 ml is measured. 
30 Determination is made based on an analytical curve found by 
the measurement according to the above method, using 
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poly (vinylpyrrolidone) as a sample. 

In case of a wet hollow fiber membrane module, a 
physiological salt solution is allowed to pass through the 
passages on the dialyzing fluid side of the module at a 
5 rate of 500 mL/minute for 5 minutes, and then is allowed to 
pass through the passages on the blood side of the module 
at a rate of 200 mL/minute. After that, the physiological 
salt solution is passed from the bloodide to the dialyzing 
fluid side at a rate of 200 mL/minute for 3 minutes, while 

10 being filtered. After that, the membranes are f reeze-dried . 
The dried membranes are used for the above determination. 
[0075] 6. UV Absorbance (220 to 350 nm) 

The absorbance of an eluate obtained by the 
method described in the part of "Eluting Amount of 

15 Poly (vinylpyrrolidone) " is measured at a wavelength of from 
200 to 350 nm, using a spectrophotometer (U-3000, 
manufactured by Hitachi, Ltd.) to find the maximal 
absorbance within this wavelength range. 

The hollow fiber membrane bundle is divided at 

20 every 2.7 cm intervals along the lengthwise direction to 
obtain 10 regular portions. One gram of the hollow fiber 
membrane in a dried state is weighed from each of these 
portions for use as a sample. Then, the absorbances of all 
the samples are measured. 

25 In case of a wet hollow fiber membrane module, it 

is treated in the same manner as described in the part of 
"Eluting Amount of Poly ( vinylpyrrolidone ) " to obtain a dry 
hollow fiber membrane, which is then used for measurement. 
[0076] 7. Determination of Hydrogen Peroxide 

30 To an eluate (2.6 ml) obtained by the method 

described in the part of "Eluting Amount of 
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Poly (vinylpyrrolidone) " is added a solution mixture of a 
hydrogen chloride solution of TiCl 4 mixed with an ammonium 
chloride buffer (pH 8.6) (0.2 ml) equivalent in molar ratio 
and an aqueous solution of a Na salt of 4- (2- 
5 pyridilazo) resorcinol . Further, a 0.4 mM coloring reagent 
(0.2 ml) is added, and the resulting mixture is heated at 
50°C for 5 minutes, and then is cooled to room temperature. 
The absorbance of the resultant solution is measured at a 
wavelength of 508 nm . The same measurement is made on a 

10 sample to find an analytical curve. The amount of hydrogen 
peroxide is determined based on this analytical curve. 

In measurement, a hollow fiber membrane bundle is 
divided at 2.7 cm regular intervals along the lengthwise 
direction to obtain 10 regular portions, and 1 g of the 

15 hollow fiber membrane is weighed from each of the portions 
as a sample. Then, all the samples are measured. 

In case of a wet hollow fiber membrane module, it 
is treated in the same manner as described in the part of 
"Eluting Amount of Poly ( vinylpyrrolidone ) " to obtain a dry 

20 hollow fiber membrane, which is then used for measurement. 
[0077] 8. Blood Leak Test 

Bovine blood which is admixed with citric acid to 
be inhibited from coagulation and which is maintained at 
37°C is fed to a blood purifier at a rate of 200 ml/minute, 

25 and is filtered at a rate of 20 ml/minute. The resulting 
filtrate is returned to the blood to thereby form a 
circulation system. After 60 minutes has passed, the 
filtrate of the blood purifier is collected, and red 
portions in the filtrate, due to the leakage of red blood 

30 cells, are visually observed. This blood leak test is 
conducted for each of 30 blood purifiers in either of 
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Examples and Comparative Examples, and the number of 
modules which permit the blood to leak therefrom is counted. 
[0078] 9. Storage Stability of 

Hollow Fiber Membrane Bundle 
5 About 10,000 hollow fiber membranes in dried 

states, obtained in each of Examples and Comparative 
Examples, are inserted into a polyethylene pipe, and the 
pipe packed with the hollow fiber membranes is cut into 
bundles with predetermined lengths. The resultant bundle 

10 is packed in a casing at a packing percentage of 60 vol %, 
and the ends of the casing are adhered with an urethane 
resin. A module of which the hollow fiber membrane area is 
1.5 m 2 is obtained by cutting out the resin portions. This 
module is filled with RO water and then is irradiated with 

15 y-ray at an absorbed dose of 25 kGy so as to be crosslinked. 
The module irradiated with y-ray is stored at a room 
temperature for one year. After that, the UV absorbance of 
the module at a wavelength of 220 to 350 nm is measured. 
The stability of the module is evaluated based on an 

20 increase in the UV absorbance (220 to 350 nm) thereof found 
after the storage. The hollow fiber membrane bundle is 
divided into 10 portion in the lengthwise direction as 
samples . An increase in the UV absorbance of each of the 
samples is also measured so that the stability of the 

25 module is evaluated based on the maximum value. The module 
of which the maximum value dose not exceed 0.10 is passed. 
In case of a crosslinked hollow fiber membrane bundle, it 
is stored without the above crosslinking treatment, and 
then is evaluated. 

30 [0079] 10. Amount of Insoluble Component 

The hollow fiber membrane irradiated with y-ray, 
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weighing 10 g, is dissolved in dimethylf ormamide (100 ml) 
at room temperature, and the resulting solution is 
separated at 1,500 rpm for 10 minutes, using a centrifugal 
separator. The supernatant is removed, and 
5 dimethylf ormamide (100 ml) is again added to the insoluble 
residue. The mixture is stirred and is subjected to the 
same centrifugal separation, and the supernatant is removed. 
Dimethylf ormamide (100 ml) is again added to the residue, 
and the mixture is stirred and is subjected to the same 

10 centrifugal separation. After that, the supernatant is 

removed. The residual solid was evaporated to a dryness, 
and the content of the insoluble component is determined 
from the amount of the dried solid. 

In case of a wet hollow fiber membrane module, it 

15 is treated by the same method described in the part of 

"Amount of Eluting Poly (vinylpyrrolidone ) " and dried. Then, 
the content of the insoluble component is determined from 
the dried hollow fiber membranes. 
[0080] (Example 1) 

20 Polyethersulfone (Sumika-Excel (R) 4800P, 

manufactured by Sumika Chemtex Co., Ltd.) (1 mass part), 
poly (vinylpyrrolidone) (Colidone (R) K-90, manufactured by 
BASF) (0.144 mass parts) and dimethylacetoamide (DMAc) (1 
mass part) were charged in a knead-melting machine of the 

25 type which efficiently kneaded the mixture by way of so- 
called planetary motions of two frame type blades which 
rotated by themselves and rotated around each other. The 
mixture was stirred and kneaded for 2 hours. Subsequently, 
a solution mixture of DMAc (3.02 mass parts) and RO water 

30 (0.16 mass parts) was added to the knead mixture in one 
hour. The mixture was further stirred for one hour with 
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the stirrer of which the number of revolutions was 
increased, to form a homogeneous solution. This kneading 
and dissolution was carried out under a nitrogen atmosphere. 
The mixture was kneaded and dissolved while being cooled so 
5 that its temperature did not exceed 40°C. The Froude 
number and the Reynolds number in the final dissolution 
were 1.0 and 100, respectively. Then, a vacuum pump was 
used to decompress the interior of a system to -500 mmHg, 
and the system was immediately sealed so as not to change 

10 the composition of the membrane-forming solution due to the 
evaporation of the solvent or the like, and the system was 
left to stand for 15 minutes. This operation was repeated 
three times to degas the membrane-forming solution. After 
the completion of the degassing, the interior of the system 

15 was again replaced with a nitrogen gas and was kept to be 
weakly compressed. In this regard, poly ( vinylpyrrolidone ) 
containing 130 ppm of hydrogen peroxide was used. The 
resultant membrane-forming solution was allowed to pass 
through a two-staged sintered filter (30 |im and 15 |im) . 

20 This solution was then injected from tube-in-orif ice 
nozzles heated to 75°C, concurrently with an aqueous 
solution of 53 mass % of DMAc of 50°C as a hollow portion- 
forming material which had been previously degassed under a 
reduced pressure of -700 mmHg for 30 minutes. The strand 

25 of the injected solutions was allowed to pass through a 
drying section with a length of 400 mm, sealed from an 
external atmosphere by a spinning tube, and was then 
coagulated in an aqueous solution of 20 mass % of DMAc at 
60°C. The resulting wet strand was directly wound onto a 

30 hank. The width of the nozzle slits of the tube-in-orif ice 
nozzles was 60 |im on average, maximum 61 [im and minimum 59 
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|0,m. The ratio of the maximum value to the minimum value of 
the slit width was 1.03, and the draft ratio was 1.1. The 
rollers which the hollow fiber membranes contacted during 
the spinning step were all planished at their surfaces, and 
5 the guides were all mat-finished at their surfaces. A 

bundle of about 10,000 hollow fiber membranes was wrapped 
in a polyethylene film which was embossing-finished at its 
one surface on the side of the bundle of hollow fiber 
membranes. The same bundle was then cut into several 

10 portions with lengths of 27 cm. The cut portion of the 

bundle was washed in hot water of 80°C for 30 minutes, and 
this washing was repeated four times. 
[0081] The obtained wet hollow fiber bundle was 
introduced into a microwave-irradiation type drier in which 

15 a reflecting plate was provided in its oven so as to enable 
even heating. Then, the hollow fiber membrane bundle was 
dried under the following conditions: it was heated by 
irradiation with microwave of an output of 1.5 kW under a 
reduced pressure of 7 kPa for 30 minutes, and then, the 

20 irradiation of microwave was stopped and simultaneously the 
decompression degree was decreased to 1.5 kPa, which was 
then maintained for 3 minutes. Subsequently, the 
decompression degree was returned to 7 kPa, and the hollow 
fiber membrane was heated by irradiation with microwave of 

25 an output of 0.5 kW for 10 minutes. Then, the irradiation 
of microwave was stopped, and the decompression degree was 
decreased to 0.7 kPa, which was maintained for 3 minutes. 
The decompression degree was again returned to 7 kPa, and 
the hollow fiber membrane bundle was heated by irradiation 

30 with microwave of an output of 0.2 kW for 8 minutes. Then, 
the irradiation of microwave was stopped, and the 
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decompression degree was decreased to 0.5 kPa, which was 
maintained for 5 minutes, to thereby make the conditioning 
of the hollow fiber membrane bundle. Thus, the drying step 
was completed. In this drying step, the highest 
5 temperature the surface of the hollow fiber membrane had 
was 65°C. The moisture content of the hollow fiber 
membrane bundle before dried was 330 mass %; that found 
after the completion of the first drying step, 34 mass %; 
that found after the completion of the second drying step, 
10 15 mass %; and that found after the completion of the third 
drying step, 1.6 mass %. The inner diameter of the 
resultant hollow fiber membrane bundle was 199 |im, and the 
thickness of the membrane was 29 [im. 

[0082] The resultant hollow fiber membrane bundle was 
15 regularly divided at 2.7 cm intervals in the lengthwise 
direction, to obtain 10 portions thereof, and 1 g of the 
hollow fiber membrane in a dried state was weighed from 
each of the portions so as to determine the amount of 
hydrogen peroxide contained therein. The amounts of 
20 hydrogen peroxide in all the portions were of low levels, 

and thus, this hollow fiber membrane bundle was found to be 
stable. The measured values of hydrogen peroxide are shown 
in Tables 1 and 2 . 

[0083] A blood purifier was fabricated, using the 
25 obtained hollow fiber membrane bundle, so as to carry out a 
leak test. As a result, there was observed no failure in 
adhesion due to the sticking of the hollow fiber membranes 
to one another. The blood purifier was filled with RO 
water, and then was irradiated with y-rays at an absorbed 
30 dose of 25 kGy for a crosslinking treatment. After the 
irradiation with y-rays, the hollow fiber membranes were 
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cut out of the blood purifier, and then were subjected to 
an eluation test. As a result, the amount of eluting PVP 
was 5 ppm, and the maximum of the amount of eluting 
hydrogen peroxide was 2 ppm, both of which were levels of 
5 no problem. Further, the storage stability of the hollow 
fiber membrane bundle obtained in this Example was 
sufficient, since the maximum of the UV absorbance (220 to 
350 nm) of the hollow fiber membrane bundle found after the 
storage thereof for one year was 0.06, which was below 0.10 

10 as a reference value, according to the Approval Standard 
for Dialysis-type Artificial Kidney Apparatus. 
[0084] Each of the blood purifiers was filled with a 
compressed air under a pressure of 0.1 MPa, and some of the 
blood purifiers which passed the leak tests, each showing a 

15 pressure drop of not higher than 30 mmAq for 10 seconds, 
were used for the subsequent tests. The hollow fiber 
membrane bundle was removed from each of the blood 
purifiers, and the outer surface thereof was observed with 
a microscope. As a result, no defect such as a flaw or the 

20 like was observed. Further, fresh bovine blood admixed 
with citric acid was allowed to pass through the blood 
purifier at a flow rate of 200 mL/minute and at a filtering 
rate of 10 mL/minutes. As a result, the leakage of red 
blood cells was not observed. The results of the analyses 

25 are shown in Table 3. 

[0085] (Comparative Example 1) 

A hollow fiber membrane bundle was obtained in 
the same manner as in Example 1, except that 
poly (vinylpyrrolidone) containing 500 ppm of hydrogen 

30 peroxide was used as a raw material, that the 

kneading/dissolving temperature was set at 85°C, that the 
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interiors of the raw material-supplying system and the 
dissolution tank were not replaced with nitrogen gases, and 
that the hollow fiber membrane bundle was dried by 
irradiation with microwave under an atmospheric pressure. 
5 The hollow fiber membrane bundle was irradiated with 

microwave of an output of 2 kW until the moisture content 
of the hollow fiber membrane bundle reached 65 mass %. 
After that, the hollow fiber membrane bundle was irradiated 
with microwave of an output of 0.8 kW until the moisture 

10 content of the hollow fiber membrane bundle reached 0.5 

mass %. Further, a dehumidif ying air (of a humidity of 10% 
or lower) was fed from the lower side of the hollow fiber 
membrane bundle to the upper side thereof at an air 
velocity of 8 m/second during a period of time from the 

15 drying-starting time to the drying-completing time. The 
highest temperature the hollow fiber membrane bundle had 
during the drying step was 65°C. The characteristics of 
the resultant hollow fiber membrane bundle and the 
resultant blood purifier are shown in Tables 1 and 2. The 

20 amount of eluting hydrogen peroxide of the hollow fiber 
membrane bundle of this Comparative Example was of high 
level, and the variation in the amount of eluting hydrogen 
peroxide was large in each of the sampling sites of the 
bundle, and thus, the quality of this hollow fiber membrane 

25 bundle was low. The storage stability of this hollow fiber 
membrane bundle was also inferior because of the large 
amount of eluting hydrogen peroxide. The maximum of the UV 
absorbance (220 to 350 nm) of this hollow fiber membrane 
bundle could not be maintained below 0.10 which was a 

30 reference value according to the Approval Standard for 
Dialysis-type Artificial Kidney Apparatus, after the 
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storage of about 8 months. The results are shown in Tables 
1, 2 and 3. 

[0086] (Comparative Example 2) 

A hollow fiber membrane bundle and a blood 
5 purifier were obtained in the same manners as in 

Comparative Example 1, except that the Froude number and 
the Reynolds number in the dissolution of 

poly (vinylpyrrolidone) were 1.7 and 260, respectively, and 
that the washing of the hollow fiber membrane bundle was 

10 not done. In this Comparative Example, because of too 

large Froude number and too large Reynold' s number in the 
dissolution of poly ( vinylpyrrolidone ) , the raw materials 
flied and spread in the tank and adhered to the wall of the 
tank; or undesirably, bubble were involved into the 

15 solution which was being dissolved. The characteristics of 
the resultant hollow fiber membrane bundle and the 
resultant blood purifier are shown in Tables 1 and 2. The 
amounts of hydrogen peroxide and poly ( vinylpyrrolidone ) 
eluting from the hollow fiber membrane bundle obtained in 

20 this Comparative Example were of high levels, as well as 
Comparative Example 1, and the variation in the eluting 
amount of hydrogen peroxide was large in each of the 
sampling sites. Further, the storage stability of this 
hollow fiber membrane bundle was inferior because of the 

25 large amount of eluting hydrogen peroxide. The maximum of 
the UV absorbance (220 to 350 nm) of this hollow fiber 
membrane bundle could not be maintained below 0.10 which 
was a reference value according to the Approval Standard 
for Dialysis-type Artificial Kidney Apparatus, after the 

30 storage of about 6 months. The results are shown in Tables 
1, 2 and 3. 
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[0087] (Example 2) 

Polyethersulf one (Sumika-Excel (R) 4800P, 
manufactured by Sumika Chemtex Co., Ltd.) (1 mass part), 
poly (vinylpyrrolidone) (Colidone (R) K-90, manufactured by 
5 BASF) (0.21 mass parts) and DMAc (1.5 mass parts) were 

kneaded with a twin-screw type kneading machine. The knead 
mixture was introduced into a stirring type dissolution 
tank charged with DMAc (2.57 mass parts) and water (0.28 
mass parts) , and the mixture was stirred and dissolved for 

10 3 hours. The mixture was kneaded and dissolved while the 
tank was being cooled so that the internal temperature did 
not exceed 30°C. Then, a vacuum pump was used to 
decompress the interior of a system to -700 mmHg, and the 
system was immediately sealed so as not to change the 

15 composition of the membrane-forming solution due to the 

evaporation of the solvent or the like, and the system was 
left to stand for 10 minutes. This operation was repeated 
three times to degas the membrane-forming solution. In 
this regard, poly ( vinylpyrrolidone ) containing 100 ppm of 

20 hydrogen peroxide was used. The supply tank and the 

dissolution tank in the raw material-supply system were 
replaced with nitrogen gases. The Froude number and the 
Reynolds number in the dissolution were 1.1 and 120, 
respectively. The resultant membrane-forming solution was 

25 allowed to pass through a two-staged filter (15 [im and 15 
|im) . This solution was then injected from tube-in-orif ice 
nozzles heated to 70°C, concurrently with an aqueous 
solution of 50 mass % of DMAc of 50°C as a hollow portion- 
forming material which had been previously degassed under a 

30 reduced pressure of -700 mmHg for 2 hours. The strand of 
the injected solutions was allowed to pass through an air 
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gap with a length of 350 mm, sealed from an external 
atmosphere by a spinning tube, and was then coagulated in 
water of 60°C. The width of the nozzle slits of the tube- 
in-orifice nozzles was 45 |im on average, maximum 45.5 |im 
5 and minimum 4 4.5 [im. The ratio of the maximum value to the 
minimum value of the slit width was 1.02, and the draft 
ratio was 1.2. The hollow fiber membrane bundle removed 
from the coagulation bath was allowed to pass through a 
water washing bath of 85°C for 45 seconds to remove 

10 excesses of the solvent and poly (vinylpyrrolidone) . After 
that, the hollow fiber membrane bundle was wound up. The 
bundle of about 10,000 hollow fiber membranes was wrapped 
in a polyethylene film which was the same one as that used 
in Example 1, and then was immersed in an aqueous solution 

15 of 40 vol % of isopropanol of 30°C for 30 minutes. This 
operation was repeated twice for washing. 
[0088] The obtained wet hollow fiber bundle was 
introduced into a microwave-irradiation type drier in which 
a reflecting plate was provided in its oven so as to enable 

20 even heating. Then, the hollow fiber membrane bundle was 
dried under the following conditions: the hollow fiber 
bundle was heated by irradiation with microwave of an 
output of 1.5 kW under a reduced pressure of 7 kPa for 30 
minutes; then, the irradiation of microwave was stopped and 

25 simultaneously the decompression degree was decreased to 
1.5 kPa; and the hollow fiber membrane bundle was 
maintained under these conditions for 3 minutes . 
Subsequently, the decompression degree was returned to 7 
kPa, and the hollow fiber membrane was heated by 

30 irradiation with microwave of an output of 0.5 kW for 10 
minutes. Then, the irradiation of microwave was stopped, 
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and the decompression degree was decreased to 0.7 kPa, 
which was maintained for 3 minutes. The decompression 
degree was returned to 7 kPa, and the hollow fiber membrane 
was heated by irradiation with microwave of an output of 
5 0.2 kW for 8 minutes. Then, the irradiation of microwave 
was stopped, and the decompression degree was decreased to 
0.5 kPa, which was maintained for 5 minutes, to thereby 
make the conditioning of the hollow fiber membrane bundle. 
Thus, the drying of the bundle was completed. In this 

10 drying step, the highest temperature the surface of the 

hollow fiber membrane had was 65°C. The moisture content 
of the hollow fiber membrane before dried was 315 mass %; 
that found after the completion of the first drying step, 
29 mass %; that found after the completion of the second 

15 drying step, 16 mass %; and that found after the completion 
of the third drying step, 2.8 mass %. The rollers which 
changed the fiber path during the spinning step were all 
planished at their surfaces, and the stationary guides were 
all mat-finished at their surfaces. The inner diameter of 

20 the resultant hollow fiber membrane bundle was 200 |im, and 
the thickness of the membrane was 27 |im. 

[0089] The resultant hollow fiber membrane bundle was 
regularly divided at 2.7 cm intervals, to obtain 10 
portions thereof, and 1 g of the hollow fiber membrane 

25 bundle in a dried state was weighed from each of the 

portions so as to determine the amount of hydrogen peroxide 
eluted therefrom. The amounts of hydrogen peroxide eluted 
from all the portions were of low levels, and thus, this 
hollow fiber membrane bundle was stable in storage. The 

30 measured values of hydrogen peroxide are shown in Tables 1 
and 2 . 
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[0090] A blood purifier was fabricated, using the 

obtained hollow fiber membrane bundle, so as to carry out a 
leak test. As a result, there was observed no failure in 
adhesion due to the sticking of the hollow fiber membranes 
5 to one another. The blood purifier was filled with RO 
water, and then was irradiated with y-ray at an absorbed 
dose of 25 kGy for a crosslinking treatment. After the 
irradiation with y-ray, the hollow fiber membrane bundle 
was cut out of the blood purifier, and then was subjected 

10 to an eluation test. As a result, the amount of eluting 
PVP was 6 ppm, and the maximum of the amounts of eluting 
hydrogen peroxide was 2 ppm, both of which were levels of 
no problem. Further, the storage stability of the hollow 
fiber membrane bundle obtained in this Example was 

15 sufficient, since the maximum of the UV absorbance (220 to 
350 nm) of the hollow fiber membrane bundle found after the 
storage thereof for one year was 0.06, which was maintained 
below 0.10 as a reference value according to the Approval 
Standard for Dialysis-type Artificial Kidney Apparatus. 

20 The hollow fiber membrane bundle was removed from the blood 
purifier, and the outer surface thereof was observed with a 
microscope. As a result, no defect such as flaws or the 
like was observed. In the blood leak test using bovine, no 
leakage of red blood cells was observed. The results of 

25 the analyses are shown in Table 3. 
[0091] (Comparative Example 3) 

Polyethersulf one (Sumika-Excel (R) 5200P, 
manufactured by Sumika Chemtex Co., Ltd.) (16 mass %), 
poly (vinylpyrrolidone) (Colidone (R) K-90, manufactured by 

30 BASF) (5.4 mass %), dimethylacetoamide (DMAc) (75.6 mass %) 
and water (3 mass %) were directly charged in a dissolution 
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tank equipped with a stirrer, and the mixture was dissolved 
at 75°C. The Froude number and the Reynod' s number in the 
dissolution were 1.0 and 120, respectively. Then, a vacuum 
pump was used to decompress the interior of a system to 
5 -500 mmHg, and the system was immediately sealed so as not 
to change the composition of the membrane-forming solution 
due to the evaporation of the solvent or the like, and the 
system was left to stand in this state for 15 minutes. 
This operation was repeated three times to degas the 

10 membrane-forming solution. In this regard, 

poly (vinylpyrrolidone) containing 450 ppm of hydrogen 
peroxide was used. The supply tank and the dissolution 
tank in the raw material-supply system were not replaced 
with nitrogen gases. The resultant membrane-forming 

15 solution was allowed to pass through a filter (30 \m) . 
This solution was then injected from tube-in-orif ice 
nozzles heated to 60°C, concurrently with an aqueous 
solution of 30 mass % of DMAc of 50°C as a hollow portion- 
forming material which had been previously degassed under a 

20 reduced pressure of -700 mmHg for 2 hours. The strand of 

the injected solutions was allowed to pass through a drying 
section with a length of 600 mm, sealed from an external 
atmosphere by a spinning tube, and was then coagulated in 
an aqueous DMAc solution of 60°C. The width of the nozzle 

25 slits of the tube-in-orif ice nozzles was 100 \xm on average, 
maximum 110 \xm and minimum 90 |im. The ratio of the maximum 
value to the minimum value of the slit width was 1.22, and 
the draft ratio was 2.4. The obtained hollow fiber 
membrane bundle was allowed to pass through a water washing 

30 bath of 40°C for 45 seconds to remove excesses of the 
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solvent and poly ( vinylpyrrolidone) . After that, the hollow 
fiber membrane bundle in a wet state was wound up, and 
dried in the same manner as in Comparative Example 1. The 
inner diameter of the resultant hollow fiber membrane 
5 bundle was 197 \im, and the thickness of the membrane was 29 
|0,m. The amounts of hydrogen peroxide and 
poly (vinylpyrrolidone) eluting from the hollow fiber 
membrane bundle of this Comparative Example were of high 
levels, and the variation in the amount of eluting hydrogen 

10 peroxide in each of the sampling sites was large. 

[0092] A blood purifier was fabricated, using the 

obtained hollow fiber membrane bundle. This blood purifier 
was not subjected to a crosslinking treatment by 
irradiation with y-ray which was done in Example 2. The 

15 hollow fiber membrane bundle was cut out from the blood 

purifier and subjected to an eluation test. As result, the 
eluting amount of PVP was 12 ppm, and the maximal eluting 
amount of hydrogen peroxide was 20 ppm. The hydrogen 
peroxide elution of the hollow fiber membrane bundle of 

20 this Comparative Example was large, and therefore, the 

storage stability thereof was inferior. This hollow fiber 
membrane bundle could not maintain the maximum UV 
absorbance (220 to 350 nm) below 0.10 as a reference value 
according to the Approval Standard for Dialysis-type 

25 Artificial Kidney Apparatus, after the storage thereof for 
about 3 months. Each of the blood purifiers was charged 
with a compressed air under a pressure of 0.1 MPa, and some 
blood purifiers, each showing a pressure decrease of 30 
mmAq or less in 10 seconds, were used as modules to be 

30 tested. In blood leak tests using bovine blood, two out of 
30 modules showed the leakage of red blood cells. This 
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seemed to be attributed the occurrence of pin holes and/or 
tears of the hollow fiber membranes because of the small 
deviation in thickness and too large diameters of the pores 
of the outer surface of the hollow fiber membranes. The 
5 results are shown in Tables 1, 2 and 3. 
[0093] (Example 3) 

A membrane-forming solution comprising 
polysulfone (P-3500, manufactured by AMOCO) (18 mass %) , 
poly (vinylpyrrolidone) (Colidone K-60, manufactured by 

10 BASF) (9 mass %) , dimethylacetoamide (DMAc) (68 mass %) and 
water (5 mass %) was prepared in the same manner as in 
Example 2. The poly (vinylpyrrolidone ) used contained 100 
ppm of hydrogen peroxide. The resultant membrane-forming 
solution was allowed to pass through two-staged filter of 

15 15 |im and 15 |0,m, and was then injected from tube-in-orif ice 
nozzles heated to 40°C, concurrently with an aqueous 
solution of 55 mass % of DMAc of 60°C as a hollow portion- 
forming material which had been previously degassed. The 
strand of the injected solutions was allowed to pass 

20 through an air gap section with a length of 600 mm, sealed 
from an external atmosphere by a spinning tube, and was 
then coagulated in water of 50°C. The width of the nozzle 
slits of the tube-in-orif ice nozzles was 60 \xm on average, 
maximum 61 |0,m and minimum 59 |J,m. The ratio of the maximum 

25 value to the minimum value of the slit width was 1.03, and 
the draft ratio was 1.1. The hollow fiber membrane bundle 
was removed from the coagulation bath, and was allowed to 
pass through a water bath of 85°C for 45 seconds to thereby 
remove the solvent and an excess of the 

30 poly (vinylpyrrolidone) , and then was wound up. A bundle of 



Attorney Docket No.: 19461-006US1/548063 7 1 

about 10,000 hollow fiber membranes thus obtained was 
immersed in pure water, and was washed in an autoclave at 
121°C for one hour. Then, the same bundle was wrapped in a 
polyethylene film which was the same one as used in Example 
5 1. After that, the bundle was packed in a container being 
replaced with a nitrogen gas and was subjected to a 
crosslinking treatment by irradiation with y-ray at an 
absorbed dose of 25 kGy. The maximum hydrogen peroxide 
elution from the bundle found before the crosslinking 

10 treatment was 2 ppm. Subsequentially, the bundle was dried 
in the same manner as in Example 1. The rollers for 
changing the fiber path during the spinning step were 
planished at their surfaces, and the stationary guides were 
mat-finished at their surfaces. The resultant hollow fiber 

15 membrane bundle had an inner diameter of 2 01 |im, and the 
thickness of the membrane was 43 |im. As is apparent from 
Tables 1 and 2, the hydrogen peroxide elutions were of low 
levels and stable in all the sites. 

[0094] A blood purifier was fabricated, using the 
20 obtained hollow fiber membrane bundle. The blood purifier 
was subjected to a leak test, with the result that no 
failure in adhesion attributed to the sticking of the 
hollow fiber membranes was observed. The blood purifier 
was filled with RO water, and then, the hollow fiber 
25 membrane bundle was cut out of the blood purifier and was 
subjected to an eluation test. As a result, the PVP 
elution was 7 ppm, and the maximum hydrogen peroxide 
elution was 3 ppm, which were levels of no problem. Each 
of the obtained blood purifiers was charged with a 
30 compressed air under a pressure of 0.1 MPa, and some of the 
blood purifiers which showed pressure drops of not higher 
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than 30 mmAq for 10 seconds were used for the subsequent 
tests. The hollow fiber membrane bundle was removed from 
the blood purifier, and the outer surface thereof was 
observed with a microscope. As a result, no defect such as 
5 a flaw or the like was observed. Further, fresh bovine 

blood admixed with citric acid was allowed to pass through 
the blood purifier at a flow rate of 200 mL/minute and at a 
filtering rate of 10 mL/minute, with the result of no 
leakage of red blood cells. The amount of endotoxin 

10 filtered from the outside of the hollow fiber membranes to 
the inner side thereof was below the limit for detection, 
having a level of no problem. The storage stability of the 
hollow fiber membrane bundle obtained in this Example was 
sufficient, and the maximum of the UV absorbance (220 to 

15 350 nm) of the follow fiber membrane bundle found after the 
storage thereof for one year was 0.06, and was found to be 
kept below a reference value of 0.1 according to the 
Approval Standard for Dialysis-type Artificial Kidney 
Apparatus. As a result of the leak test, no failure in 

20 adhesion attributed to the sticking of the hollow fiber 

membranes was observed. The results are shown in Table 3. 
[0095] (Example 4) 

A membrane-forming solution comprising 
polysulfone (P-1700, manufactured by AMOCO) (17 mass %) , 

25 poly (vinylpyrrolidone) (Colidone K-60, manufactured by 

BASF) (5 mass %) , dimethylacetoamide (DMAc) (73 mass %) and 
water (5 mass %) was prepared in the same manner as in 
Example 2. The poly ( vinylpyrrolidone ) used contained 120 
ppm of hydrogen peroxide. The resultant membrane-forming 

30 solution was allowed to pass through a two-staged filter of 
15 |im and 15 |im, and was then injected from tube-in-orif ice 
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nozzles heated to 40°C, concurrently with an aqueous 
solution of 35 mass % of DMAc of 60°C as a hollow portion- 
forming material which had been previously degassed. The 
strand of the injected solutions was allowed to pass 
5 through an air gap section with a length of 600 mm, sealed 
from an external atmosphere by a spinning tube, and was 
then coagulated in water of 50°C. The width of the nozzle 
slits of the tube-in-orif ice nozzles was 60 \xm on average, 
maximum 61 |i,m and minimum 59 Jim. The ratio of the maximum 

10 value to the minimum value of the slit width was 1.03, and 
the draft ratio was 1.1. The hollow fiber membrane bundle 
was removed from the coagulation bath, and was allowed to 
pass through a water bath of 85°C for 45 seconds to thereby 
remove the solvent and an excess of the 

15 poly (vinylpyrrolidone) , and then was wound up. A bundle of 
about 10,000 hollow fiber membranes thus obtained was 
immersed in pure water, and was washed in an autoclave at 
121°C for one hour. 

[0096] After the washing, the bundle in a wet state was 
20 wrapped in a polyethylene film. After that, such wet 

hollow fiber membrane bundles wrapped in the films were set 
on two-staged turn tables (48 hollow fiber membrane bundles 
on each turn table) in a drying apparatus and were 
irradiated with microwave of an output of 12 kW for a heat 
25 treatment for 15 minutes, while the internal atmosphere of 
the drying apparatus being decompressed to 7 kPa. Then, 
the microwave irradiation was stopped, and the 
decompression degree was decreased to 1 kPa, and this 
condition was maintained for 3 minutes to evaporate the 
30 moistures from the bundles. Next, the decompression degree 
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was returned to 7 kPa, and simultaneously, the bundles were 
irradiated with microwave of an output of 3.5 kW for 7 
minutes for a heat treatment. After the heating, the 
microwave irradiation was stopped, and the decompression 
5 degree was decreased to 0.8 kPa, and this condition was 

maintained for 3 minutes. Again, the decompression degree 
was returned to 7 kPa, and the irradiation with microwave 
of an output of 2.5 kW was restarted and continued for 5 
minutes. After that, the microwave irradiation was stopped, 

10 and the decompression degree was decreased to 0.5 kPa. 
This condition was maintained for 7 minutes to dry the 
bundles. Further, the bundles were treated in an air drier 
at 35°C for 3 hours, so as to uniform the moisture contents 
of the bundles. The moisture contents of the bundles found 

15 before the drying by irradiation with microwave were 338 
mass %; those found after the completion of the treatment 
in the first step, 277 mass %; those found after the 
completion of the treatment in the second step, 14 mass %; 
those found after the completion of the treatment in the 

20 third step, 5.5 mass %; and those found after the 

completion of the air-drying, 1.7 mass %. The highest 
temperature the hollow fiber membrane bundle had during the 
drying treatment was 56°C. The rollers for changing the 
fiber path during the spinning step were planished at their 

25 surfaces, and the stationary guides were mat-finished at 

their surfaces. The resultant hollow fiber membrane bundle 
had an inner diameter of 200 |J,m, and the thickness of the 
membrane was 43 \im. As is apparent from Tables 1 and 2, 
the hydrogen peroxide elutions were of low levels and 

30 stable in all the sites of the hollow fiber membrane bundle. 
[0097] A blood purifier was fabricated, using the 
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obtained hollow fiber membranes. The blood purifier was 
subjected to a leak test, with the result that no failure 
in adhesion attributed to the sticking of the hollow fiber 
membranes was observed. The blood purifier was filled with 
5 RO water and subjected to a crosslinking treatment by 
irradiation with y-ray at an absorbed dose of 25 kGy . 
After the irradiation with y _r ay, the hollow fiber membrane 
bundle was cut out of the blood purifier and subjected to 
an eluation test. As a result, the PVP elution was 7 ppm, 

10 and the maximum hydrogen peroxide elution was 2 ppm, which 
were levels of no problem. Each of the blood purifiers as 
obtained above was charged with a compressed air under a 
pressure of 0.1 MPa, and some of the blood purifiers which 
showed pressure drops of not higher than 30 mmAq for 10 

15 seconds were used for the subsequent tests. The hollow 

fiber membrane bundle was removed from the blood purifier, 
and the outer surface thereof was observed with a 
microscope. As a result, no defect such as a flaw or the 
like was observed. Further, fresh bovine blood admixed 

20 with citric acid was allowed to pass through the blood 

purifier at a flow rate of 200 mL/minute and at a filtering 
rate of 10 mL/minute, with the result of no leakage of red 
blood cells. The amount of endotoxin filtered from the 
outside of the hollow fiber membranes to the inner side 

25 thereof was below the limit for detection, having a level 
of no problem. The storage stability of the hollow fiber 
membrane bundle obtained in this Example was sufficient, 
and the maximum of the UV absorbance (220 to 350 nm) of the 
hollow fiber membrane bundle found after the storage 

30 thereof for one year was 0.07, and was found to be kept 
below a reference value of 0.1 according to the Approval 
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Standard for Dialysis-type Artificial Kidney Apparatus. 
The results are shown in Table 3. 

[0098] Hitherto, there has been reported no method for 
controlling the qualities of hollow fiber membrane bundles 
5 by paying concentrated attentions to the behavior of 

hydrogen peroxide. The qualities of hollow fiber membrane 
bundles are evaluated from many view points. For example, 
a hollow fiber membrane bundle is cut along its lengthwise 
direction into portions with lengths of 27 cm, and each 

10 portion thereof is divided at regular 2.7 cm intervals, so 
as to measure the hydrogen peroxide eluting amounts from 
the respective sites of the intervals. A range A is 
determined based on the maximum eluting amount and the 
minimum eluting amount, and an average eluting amount is 

15 calculated by averaging the hydrogen peroxide elutions from 
the respective sites. The degree of variation in quality 
is defined by a maximum value B of a range between the 
maximum or minimum eluting amount and the average eluting 
amount. Fig. 1 shows the state of variation in the quality 

20 of Example 1. The degree of variation in the quality of 
Comparative Example 1 can be similarly determined. The 
values thus calculated are indicated in Table 2 . 
[0099] Fig. 2 shows a graph of the plotting of 
relationships between the hydrogen peroxide eluting amounts 

25 (maximum values) from the respective sites of the hollow 

fiber membrane bundles and the degrees of variation in the 
qualities of the respective sites of the hollow fiber 
membrane bundles (the maximum ranges from the average 
eluting amounts) . As the hydrogen peroxide eluting amount 

30 becomes larger, the range of the hydrogen peroxide eluting 
amounts from the respective 10 divided sites of the hollow 
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fiber membrane bundle tends to increase. When the hydrogen 
peroxide eluting amounts from the respective sites within 
the hollow fiber membrane bundle are variable, such 
variations give some influences on the properties and 
5 function of the hollow fiber membrane bundle, which is 
undesirable for the controlling of the quality of the 
hollow fiber membrane bundle. When the maximum value of 
the hydrogen peroxide eluting amount is not larger than 5 
ppm, it is found to be significant in critical view, in the 
10 senses that the variation of the hydrogen peroxide eluting 
amount can be inhibited and that the stability of the 
storage of the hollow fiber membrane bundle and the blood 
purifier comprising the same can be maintained over a long 
period of time. 

15 [0100] Fig. 3 shows a graph indicating the changes of 

the UV absorbances of the hollow fiber membrane bundles of 
which the poly (vinylpyrrolidone) eluting amounts were 
suppressed to 10 ppm or less and of which the hydrogen 
peroxide eluting amounts were suppressed to 5 ppm or less, 

20 when these bundles were stored for one year. The UV 

absorbances of the hollow fiber membrane bundles of which 
the hydrogen peroxide eluting amounts were suppressed to 5 
ppm or less can be suppressed to 0.1 or less, even when 
such bundles have been stored over a long period of time. 

25 Therefore, it is confirmed that suppressing the hydrogen 
peroxide content of the hollow fiber membrane bundle to 5 
ppm or less markedly contributes to the stability of the 
quality of the hollow fiber membrane bundle. 
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[0101] [Table 1] 

Table 1: Hydrogen Peroxide-Elut ing Amount (ppm) 
Site I Ex. 1 



Abbreviation ND means "not detectable" 



5 [0102] [Table 2] 



Table 2: Hydrogen Peroxide- and PVP-Eluting Amounts (ppm) 





Ex. 1 


Ex. 2 


Ex . 3 


Ex. 4 


C.Ex. 1 


C.Ex. 2 


C.Ex. 3 


Max. eluting 


2 


2 


3 


5 


8 


12 


15 


Av. eluting 
amount 


1 . 1 


0.8 


1.0 


1 . 6 


4 . 5 


7 . 7 


9 . 0 


Min . eluting 
amount 


0 


0 


0 


0 


1 


3 


2 


Max . range 
from av. 
eluting 


1 . 1 


1.2 


2.0 


3.4 


3 . 5 


6.5 


7.0 


Max. range of 


2 


2 




5 


7 




13 


PVP eluting 




6 


7 


7 


8 


8 


15 
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: | V ■ ■ ! qi - 

in PVP as a raw material 
y : :,: : ! rig during preparatic 
ution 

solving temp. (°C) 
Rep I. ic i ng w i i h : :• :■■ 
hu ii i ■ number 
Reyno Lds number 
Highest temp. (°C) of holl 
fiber membrane bundle L : 1 
drying step 

Moisture content (mass %) 
of hollow fiber membrane 
bundle 



Leakage of blood (number of 
bundles) 

Storage stability (max. 

ue of UV absorbance) 
SI o r . \<v Kl . ib i I i I y (p " 4;" ' ' y 

:nsoluble matter content 



INDUSTRIAL APPLICABILITY 

[0104] A polysulfone permselective hollow fiber membrane 
bundle according to the present invention is suppressed in 
hydrogen peroxide elution, and therefore, the deterioration 
of poly (vinylpyrrolidone) or the like induced by hydrogen 
peroxide can be inhibited, when the hollow fiber membrane 
bundle is stored over a long period of time. Therefore, 
the maximum value of the UV absorbance of the hollow fiber 
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membrane bundle (at a wavelength of 220 to 350 nm) can be 
maintained below 0.10 which is a reference value according 
to the Approval Standard for Dialysis-type Artificial 
Kidney Apparatus, even when the hollow fiber membrane 
5 bundle is stored over a long period of time. Accordingly, 
this hollow fiber membrane bundle is suitable for use in a 
hemodialytic hollow fiber type blood purifier or the like 
which is required to have a high water permeability for use 
in the treatment of renal failure. 
10 According to a manufacturing process of the 

present invention, the above hollow fiber membrane bundle 
can be economically and reliably manufactured. 



